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Welcome and Introduction of Chief Guest 
H.K. Mwandemere* 
Opening Address on Behalf of the 
Minister of Agriculture 
The Hon. S. Demba* 
D i s t r i c t C h a i r m a n o f t h e M a l a w i C o n g r e s s Par ty , Y o u r E x c e l l e n c i e s , Y o u r W o r s h i p t h e 
M a y o r o f t h e C i t y o f L i l o n g w e , D i s t i n g u i s h e d P a r t i c i p a n t s , L a d i e s a n d G e n t l e m e n . 
O n b e h a l f o f H i s E x c e l l e n c y t h e L i fe P r e s i d e n t , N g w a z i Dr . H . K a m u z u B a n d a , t h e 
G o v e r n m e n t a n d t h e p e o p l e o f M a l a w i , a n d o n m y o w n beha l f , I w i s h t o e x t e n d a v e r y 
w a r m a n d h e a r t y w e l c o m e t o al l o u r d i s t i n g u i s h e d p a r t i c i p a n t s t o t h e I C R I S A T 
R e g i o n a l W o r k s h o p o n G r o u n d n u t R e s e a r c h a n d I m p r o v e m e n t i n S o u t h e r n A f r i c a . 
P l e a s e f e e l f r e e t o v is i t a n y par t o f t h e c o u n t r y a n d I h o p e t h a t y o u wi l l b e a b l e t o e n j o y 
y o u r s t a y w i t h us , a n d t h a t y o u wi l l h a v e a n o p p o r t u n i t y t o s e e s o m e t h i n g o f t h e 
s u r r o u n d i n g c o u n t r y s i d e t o e n a b l e y o u t o a p p r e c i a t e t h e e f f o r t s t h a t M a l a w i i s m a k i n g 
i n t h e f i e l d o f a g r i c u l t u r e i n g e n e r a l , a n d g r o u n d n u t p r o d u c t i o n i n p a r t i c u l a r . 
I f e e l v e r y h o n o r e d t o o p e n th is i m p o r t a n t w o r k s h o p o n b e h a l f o f H i s E x c e l l e n c y t h e 
L i f e P r e s i d e n t , N g w a z i Dr. H . K a m u z u B a n d a . I n 1 9 8 0 H i s E x c e l l e n c y t h e L i f e P r e s i -
d e n t d i r e c t e d t h a t t h e I n t e r n a t i o n a l C r o p s R e s e a r c h Ins t i t u te fo r t h e S e m i - A r i d T r o p -
i cs ( I C R I S A T ) c o u l d e s t a b l i s h a R e g i o n a l G r o u n d n u t R e s e a r c h C e n t e r fo r S o u t h e r n 
A f r i c a , a t C h i t e d z e R e s e a r c h S t a t i o n i n L i l o n g w e . W h i l e t h e m e m o r a n d u m o f u n d e r -
s t a n d i n g b e t w e e n t h e M a l a w i G o v e r n m e n t a n d I C R I S A T w a s s i g n e d i n 1 9 8 1 , t h e 
C e n t e r b e c a m e o p e r a t i o n a l w i t h t h e f i n a n c i a l a s s i s t a n c e o f t h e I n t e r n a t i o n a l D e v e l -
o p m e n t R e s e a r c h C e n t e r ( I D R C ) a n d t h e p o s t i n g o f t h e g r o u n d n u t b r e e d e r a n d 
p a t h o l o g i s t i n 1 9 8 2 a n d 1 9 8 3 , r e s p e c t i v e l y . 
T h e C e n t e r i s d e v e l o p i n g a r e g i o n a l r e s e a r c h p r o g r a m a i m e d a t b e n e f i t i n g a l l t h e 
g r o u n d n u t - g r o w i n g a r e a s o f S o u t h e r n a n d E a s t e r n A f r i c a . T h e C e n t e r , i n c o l l a b o r a -
t i o n w i t h n a t i o n a l r e s e a r c h p r o g r a m s , wi l l i n i t i a te t r i a l s t o p r o d u c e g r o u n d n u t s w i t h 
m u l t i p l e d i s e a s e r e s i s t a n c e , e a r l i n e s s , h i g h y i e l d , g o o d f o o d qua l i t y , a n d i n c r e a s e d 
s e e d s ize . 
G r o u n d n u t s h a v e b e e n k n o w n t o m a n a s a n i m p o r t a n t f o o d c r o p f o r m a n y c e n t u r -
ies . H o w e v e r , t h e y a c q u i r e d e c o n o m i c i m p o r t a n c e o n l y 1 3 0 y e a r s a g o a n d e v e n a s 
la te a s 6 0 y e a r s a g o i n t h e d e v e l o p e d a n d d e v e l o p i n g c o u n t r i e s , r e s p e c t i v e l y . P r e s -
en t l y , b e c a u s e o f a n i n c r e a s e d a w a r e n e s s o f t h e p r o t e i n s h o r t a g e e x i s t i n g i n t h e 
w o r l d , t h e u s e o f g r o u n d n u t s a s a f o o d a n d c a s h c r o p h a s i n c r e a s e d s u b s t a n t i a l l y . 
M u c h o f t h i s i n c r e a s e i s a t t r i b u t e d t o t h e h i g h c o n t e n t o f d i g e s t i b l e p r o t e i n ( 2 5 - 3 4 % ) 
a n d oi l ( 4 4 - 5 6 % ) , a m i n o a c i d s i n c l u d i n g c y s t i n e , a n d t h e v i t a m i n s t h i a m i n e , r i b o f l a v i n , 
a n d n i a c i n . 
G r o u n d n u t i s a m u l t i p u r p o s e c r o p . T h e s e e d s a r e c o n s u m e d i n m a n y f o r m s 
( u n s h e l l e d , s h e l l e d , r o a s t e d , p e a n u t bu t te r , c a n d i e s , a n d c o n f e c t i o n a r y ) , a n d i n A f r i c a 
g r o u n d n u t f l ou r i s u s e d i n a l a r g e n u m b e r o f d i s h e s . G r o u n d n u t o i l i s an e x c e l l e n t 
c o o k i n g o i l b e c a u s e o f i ts l i no l e i c a c i d c o n t e n t . G r o u n d n u t c a k e , t h e b y - p r o d u c t o f o i l 
e x t r a c t i o n , i s a n e x c e l l e n t l i v e s t o c k f e e d b e c a u s e o f i ts h i g h p r o t e i n c o n t e n t . T h e 
g r o u n d n u t s h e l l s , b e s i d e s b e i n g a s o u r c e o f a f u e l a r e u s e d i n d r i l l i n g - m u d , as o r g a n i c 
fer t i l izer , a n d i n p a r t i c l e b o a r d . 
*Minister of Forestry and Natural Resources, Malawi. 
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G r o u n d n u t s a r e o f g r e a t I m p o r t a n c e i n s m a l l h o l d e r a g r i c u l t u r e a n d i n t h e n a t i o n a l 
d i e t o f M a l a w i . T h e y p r o v i d e a s i g n i f i c a n t c o n t r i b u t i o n t o w a r d s d i e t a r y r e q u i r e m e n t s i n 
m o s t p a r t s o f t h e c o u n t r y , t h e y b e n e f i t f a r m i n g s y s t e m s t h r o u g h i m p r o v i n g so i l fe r t i l i t y 
a n d s t r u c t u r e , a n d t h e y p r o v i d e b e t w e e n a q u a r t e r a n d a t h i r d o f a l l s m a l l - h o l d e r 
a g r i c u l t u r a l c a s h i n c o m e . G r o u n d n u t s a r e M a l a w i ' s f o u r t h m o s t i m p o r t a n t e x p o r t c r o p 
a f t e r t o b a c c o , s u g a r , a n d t e a , a n d s u p p l y a b o u t ha l f o f t h e c o u n t r y ' s d e m a n d f o r e d i b l e 
o i l . 
G r o u n d n u t s a r e g r o w n i n a l l t h r e e r e g i o n s o f M a l a w i , t h e m a j o r s h a r e b e i n g 
c o n t r i b u t e d b y t h e C e n t r a l R e g i o n P l a t e a u . C h a l i m b a n a a n d M a n i P in ta r a r e t h e m a j o r 
c o n f e c t i o n a r y a n d oi l c u l t i v a r s r e s p e c t i v e l y . M a l i m b a a n d R G 1 a r e g r o w n i n s p e c i f i c 
a r e a s o f t h e c o u n t r y . T h r o u g h t h e N a t i o n a l R e s e a r c h P r o g r a m a t C h i t e d z e o n e l a r g e 
s e e d e d c o n f e c t i o n e r y c u l t i v a r ( l a r g e r t h a n C h a l i m b a n a ) , C h i t e m b a n a , a n d o n e oi l 
c u l t i v a r , M a w a n g a , h a v e r e c e n t l y b e e n r e l e a s e d fo r c o m m e r c i a l p r o d u c t i o n . 
M a l a w i g r o u n d n u t p r o d u c t i o n h a s u n d e r g o n e a m a r k e d d e c l i n e s i n c e t h e la te 
1 9 6 0 s . M a r k e t e d o u t p u t g r e w r a p i d l y d u r i n g t h e 1 9 5 0 s a n d 1 9 6 0 s f r o m a n e g l i g i b l e 
l eve l t o s o m e 3 3 0 0 0 m e t r i c t o n n e s a y e a r , bu t h a s t e n d e d t o fa l l of f s i n c e t h e la te 
1 9 7 0 ' s . T h e m o s t r e c e n t N a t i o n a l S a m p l e S u r v e y o f A g r i c u l t u r e ( N S S A ) d a t a s u g g e s t 
a d r o p i n s m a l l h o l d e r p r o d u c t i o n o f a b o u t 5 0 % b e t w e e n 1 9 6 8 / 6 9 a n d 1 9 8 0 / 8 1 , 
a p p a r e n t l y as a resu l t o f a d e c r e a s e in a r e a p l a n t e d c o u p l e d w i t h a sh i f t f r o m m i x e d 
s t a n d s t o w a r d s p u r e s t a n d s . T h e d a t a f r o m A g r o - E c o n o m i c S u r v e y ( A E S ) a n d p r o j e c t 
e v a l u a t i o n r e p o r t s i n d i c a t e t h a t y i e l d s h a v e i n d e e d r e m a i n e d m o r e o r l e s s s t a t i c o v e r 
t h e p e r i o d . S a l e s t o t h e A g r i c u l t u r a l D e v e l o p m e n t a n d M a r k e t i n g C o r p o r a t i o n o f 
M a l a w i ( A D M A R C ) , r e p r e s e n t i n g a b o u t a t h i r d o f t o t a l p r o d u c t i o n , h a v e a l s o b e e n 
d e c l i n i n g . 
M a l a w i c o n f e c t i o n a r y n u t s a r e v e r y p o p u l a r i n E u r o p e a n d f e t c h a p r e m i u m p r i c e . I t 
i s t h e p o l i c y a n d h o p e o f t h e M a l a w i G o v e r n m e n t t o i n c r e a s e a n d e n c o u r a g e t h e 
p r o d u c t i o n o f g o o d q u a l i t y g r o u n d n u t s t o m e e t b o t h d o m e s t i c a n d e x p o r t r e q u i r e -
m e n t s . W h e r e t h e m a j o r g o a l i s t o i n c r e a s e p r o d u c t i o n p e r un i t a r e a , p r i c e i n c e n t i v e 
a l o n e i s n o t a d e q u a t e . I n o r d e r t o l o w e r p r o d u c t i o n c o s t s , f a r m e r s m u s t b e p r o v i d e d 
w i t h t h e r i gh t t y p e o f g o o d q u a l i t y s e e d o f c u l t i v a r s t h a t a r e p e s t - a n d d i s e a s e -
res i s t an t . I n t u r n , f a r m e r s s h o u l d f o l l o w t h e r e c o m m e n d e d c u l t u r a l p r a c t i c e s o f 
p l a n t i n g ea r l y , c o r r e c t s p a c i n g , w e e d i n g o n t i m e , h a r v e s t i n g o n t i m e , a n d s t o r i n g 
p r o p e r l y . S i n c e g r o u n d n u t s c o m p e t e fo r l a b o r w i t h o t h e r c r o p s l i ke t o b a c c o , c o t t o n , 
a n d m a i z e , m e c h a n i c a l g r o u n d n u t s h e l l i n g w o u l d g o a l o n g w a y t o w a r d s i n c r e a s i n g 
p r o d u c t i o n . 
G r o u n d n u t s h a v e no t b e e n p r o d u c e d b y e s t a t e s i n a n y a p p r e c i a b l e q u a n t i t y i n t h e 
p a s t , b u t a r e n o w b e i n g c o n s i d e r e d s i n c e t h e y w o u l d m a k e a n e x c e l l e n t d i v e r s i f i c a -
t i o n a n d r o t a t i o n c r o p , a n d c o u l d b e p r o f i t a b l y i n c l u d e d i n a t o b a c c o / m a i z e / f a l l o w 
r o t a t i o n o n t o b a c c o e s t a t e s i n m o s t p l a t e a u a r e a s o f t h e c o u n t r y . G r o u n d n u t s p l a y a n 
i m p o r t a n t r o l e i f g r o w n i n r o t a t i o n w i t h c r o p s s u c h a s m a i z e , w h e a t , a n d t o b a c c o i n t h a t 
t h e y h e l p t o m a i n t a i n so i l fe r t i l i t y t h r o u g h t h e i r ab i l i t y t o f ix n i t r o g e n a n d i m p r o v e so i l 
s t r u c t u r e , s u b s e q u e n t l y r e d u c i n g t h e a m o u n t o f m i n e r a l n i t r o g e n t h a t h a s t o b e 
a p p l i e d t o t h e f o l l o w i n g c r o p . 
E x p o r t m a r k e t p r o s p e c t s fo r t h e l a r g e - s e e d e d C h a l i m b a n a a n d C h i t e m b a n a c u l t i -
v a r s a r e g o o d , a n d t h e r e i s a l s o g o o d p o t e n t i a l fo r l o c a l o i l e x t r a c t i o n f r o m t h e M a n i 
P in ta r a n d M a w a n g a c u l t i v a r s . M o r e u r g e n t i s t h e n e e d t o a d d r e s s t h e p r o b l e m o f l o w 
y i e l d s a n d d e c l i n i n g p r o d u c t i o n a n d s a l e s o f g r o u n d n u t s i n t h e s m a l l h o l d e r s e c t o r . 
I m p r o v e d c u l t i v a r s s u c h a s C h i t e m b a n a , M a w a n g a , a n d R G 1 wi l l o n l y p r o v e a t t r a c t i v e 
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t o s m a l l - h o l d e r g r o w e r s i f s e e d i s o f f e r e d a t p r i c e s w h i c h t h e y c a n a f f o r d . 
M a l a w i w e l c o m e s t h e e f f o r t s t ha t I C R I S A T i s m a k i n g t o w a r d s i m p r o v i n g g r o u n d n u t 
p r o d u c t i o n t h r o u g h i ts R e g i o n a l C e n t e r a n d i n c o l l a b o r a t i o n w i t h t h e N a t i o n a l G r o u n d -
n u t R e s e a r c h P r o g r a m s r e p r e s e n t e d h e r e t o d a y . For i t i s o n l y t h r o u g h a n e x c h a n g e o f 
g e r m p l a s m a n d p r o d u c t i o n t e c h n o l o g y a t i n t e r n a t i o n a l , r e g i o n a l , a n d n a t i o n a l l e v e l s 
t h a t r a p i d i n c r e a s e s i n g r o u n d n u t p r o d u c t i o n c a n b e a c h i e v e d . T h i s , w e h o p e , i s t h e 
b e g i n n i n g o f t h e r e g i o n a l c o n c e r t e d e f fo r t t o i m p r o v e a n d e n c o u r a g e t h e p r o d u c t i o n 
o f g r o u n d n u t i n th i s pa r t o f A f r i c a . M a l a w i i s r e a d y a n d w i l l i n g t o s h a r e h e r e x p e r i e n c e 
w i t h o t h e r c o u n t r i e s i n t h e r e g i o n j u s t a s m u c h a s w e a r e r e a d y t o l e a r n f r o m o t h e r 
c o u n t r i e s ' e x p e r i e n c e s . 
G r o u n d n u t s a r e t h e m a i n s t a y o f o u r d ie t a n d a l l a t t e m p t s m u s t b e m a d e t o i n c r e a s e 
t he i r p r o d u c t i o n t o a s t a b l e l eve l . W e w e l c o m e t h e e f fo r t b e i n g m a d e b y I C R I S A T 
t h r o u g h i ts R e g i o n a l G r o u n d n u t R e s e a r c h C e n t e r fo r S o u t h e r n A f r i c a . D e s p i t e t h e 
p r e v a i l i n g n u m b e r o f p r o b l e m s c o n s t r a i n i n g g r o u n d n u t p r o d u c t i o n i n t h e r e g i o n , t h i s 
c o l l a b o r a t i v e r e s e a r c h p r o g r a m e s t a b l i s h e d b y I C R I S A T w i t h f i n a n c i a l a s s i s t a n c e 
f r o m I D R C s h o u l d p r o v i d e t h e t e c h n o l o g y fo r i n c r e a s e d g r o u n d n u t p r o d u c t i o n . 
I a m c o n f i d e n t t ha t t h e e x p e r i e n c e d s c i e n t i s t s f r o m I C R I S A T , f r o m p a r t i c i p a t i n g 
c o u n t r i e s , a n d f r o m M a l a w i herse l f , w i l l u s e t h i s w e e k f o r t h e p u r p o s e o f d e v e l o p i n g 
r e s e a r c h s t r a t e g i e s a i m e d a t i n c r e a s i n g g r o u n d n u t p r o d u c t i o n . I b e l i e v e t h a t t h e 
p a p e r s t ha t wi l l b e p r e s e n t e d a n d d i s c u s s e d h e r e wi l l b e d i r e c t e d a t m e e t i n g p r a c t i c a l 
p r o b l e m s e x p e r i e n c e d b y ou r f a r m e r s , l a r g e a n d s m a l l . A n d I h o p e t h a t i n y o u r 
d i s c u s s i o n s y o u wi l l t a k e fu l l a c c o u n t o f t h e e c o n o m i c a n d s o c i o l o g i c a l c o n s t r a i n t s 
a n d o p p o r t u n i t i e s w h i c h a r i s e f r o m t h e n a t u r e o f o u r s o c i e t i e s , a s w e l l a s t h e n e e d t o 
u s e m o d e r n k n o w l e d g e for t h e bene f i t o f o u r f a r m e r s . I a m s u r e t h a t a l l o f y o u , 
p a r t i c i p a n t s t o t h e w o r k s h o p , wi l l p l ay a c o n s t r u c t i v e ro le i n i m p r o v i n g a n d e n c o u r a g -
ing s o u n d g r o u n d n u t p r o d u c t i o n s t r a t e g i e s i n y o u r r e s p e c t i v e c o u n t r i e s . 
D i s t i n g u i s h e d p a r t i c i p a n t s , l a d i e s a n d g e n t l e m e n , I n o w h a v e m u c h p l e a s u r e t o 
d e c l a r e t h i s w o r k s h o p o p e n . 
T h a n k y o u v e r y m u c h . 
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T h e H o n o r a b l e S . D e m b a , M i n i s t e r o f F o r e s t r y a n d N a t u r a l R e s o u r c e s , Dr . M w a n d e -
m e r e , C h i e f A g r i c u l t u r a l R e s e a r c h O f f i c e r , Y o u r W o r s h i p t h e M a y o r o f L i l o n g w e , 
D i s t i n g u i s h e d D e l e g a t e s a n d S c i e n t i s t s o f t h e S A D C C m e m b e r S t a t e s , L a d i e s a n d 
G e n t l e m e n . 
H o n o r a b l e M in i s t e r , I s h o u l d l i ke t o t h a n k y o u p e r s o n a l l y , o n b e h a l f o f t h e o r g a n i z e r s 
a n d t h e p a r t i c i p a n t s o f t h i s w o r k s h o p , fo r y o u r t h o u g h t f u l a n d m o s t a p p r o p r i a t e w o r d s 
o f w e l c o m e a n d i n t r o d u c t i o n . W e a p p r e c i a t e y o u r g i v i n g u p y o u r t i m e t h i s m o r n i n g t o 
d i s t i n g u i s h u s b y y o u r p r e s e n c e a n d , i n s o d o i n g , t o r e c o n f i r m t h e i m p o r t a n c e t h a t t h e 
G o v e r n m e n t o f M a l a w i e v i d e n t l y a t t a c h e s t o t h i s p r o g r a m a n d t o t h i s f i rs t m e e t i n g o f 
s c i e n t i s t s d e d i c a t e d t o i m p r o v i n g t h e p r o d u c t i o n o f g r o u n d n u t s a n d w e l l - b e i n g o f 
g r o u n d n u t p r o d u c e r s a n d c o n s u m e r s t h r o u g h o u t t h e S o u t h e r n A f r i c a n R e g i o n . 
T h e M a l a w i G o v e r n m e n t s h o w e d e x e m p l a r y f o r e s i g h t , i n i t i a t i ve a n d s e n s e o f 
r e g i o n a l c o o p e r a t i o n w h e n i t a g r e e d , s o m e t w o y e a r s a g o , t o h o s t t h i s r e g i o n a l 
p r o g r a m w h i c h i s b e i n g l ed b y I C R I S A T a n d w i t h w h i c h I a n d m y c o l l e a g u e s i n I D R C 
a r e p l e a s e d t o b e a s s o c i a t e d . T h e i m p o r t a n c e o f t h a t f o r e s i g h t i s s h o w n b y t h e f a c t 
t ha t t h e S o u t h e r n A f r i c a n D e v e l o p m e n t C o o r d i n a t i o n C o n f e r e n c e ( S A D C C ) i s p r o -
p o s i n g t o e x p a n d t h i s p r o g r a m t o i n c l u d e o t h e r g r a i n l e g u m e s o f i n t e res t t o S A D C C 
m e m b e r s t a t e s . T h e sp i r i t o f r e g i o n a l c o o p e r a t i o n f o s t e r e d b y y o u r G o v e r n m e n t i s 
d e m o n s t r a t e d b y t h e f a c t t ha t t h i s r e g i o n a l p r o g r a m , b a s e d i n M a l a w i , h a s a l r e a d y i n 
i ts s e c o n d y e a r o f e x i s t e n c e , c o n t r i b u t e d t o t h e r e s e a r c h e f fo r t s o f n e i g h b o r i n g 
c o u n t r i e s t h r o u g h t h e d i s t r i b u t i o n o f r e g i o n a l v a r i e t y t r i a l s a n d t h r o u g h v i s i t s m a d e b y 
t h e I C R I S A T staf f . B o t h I C R I S A T a n d I D R C w o u l d l ike t o e x t e n d t o Dr. H.K. M w a n d e -
m e r e , Mr . D.R.B. M a n d a a n d t o t he i r c o l l e a g u e s i n t h e M i n i s t r y o f A g r i c u l t u r e a n d a t 
C h i t e d z e R e s e a r c h S t a t i o n , t he i r a p p r e c i a t i o n fo r t h e e x c e l l e n t c o o p e r a t i o n r e c e i v e d 
b y t h e I C R I S A T r e g i o n a l staf f , Dr. S .N. N i g a m a n d Dr. K.R. B o c k . 
I n m u c h o f t h i s r e g i o n , t h e g r o u n d n u t c r o p h a s no t unt i l r e c e n t l y r e c e i v e d t h e 
r e s e a r c h a t t e n t i o n i t m i g h t b e e x p e c t e d t o w a r r a n t f r o m a n a p p r a i s a l o f i ts i m p o r t a n c e 
fo r s m a l l f a r m e r s u b s i s t e n c e a n d c a s h g e n e r a t i o n , a n d for e x p o r t e a r n i n g s . M a l a w i 
a p p e a r s t o b e a n e x c e p t i o n t o th i s g e n e r a l i z a t i o n , s i n c e t h i s c o u n t r y h a s p o p u l a r i z e d 
t h e n a m e s " C h a l i m b a n a " a n d " T a m b a l a K i n g " f a r b e y o n d i ts b o u n d a r i e s ! 
T h i s p r o g r a m h a s b e e n a c t i v e n o w for l e s s t h a n t w o y e a r s , a p e r i o d p r i m a r i l y o f 
e s t a b l i s h m e n t a n d s c r e e n i n g o f g e r m p l a s m i n t r o d u c e d f r o m I C R I S A T , Ind ia . T h e 
o b j e c t i v e s o f t h i s w o r k s h o p a r e t o p r o v i d e y o u , t h e g r o u n d n u t r e s e a r c h e r s o f t h e 
r e g i o n , w i t h a n o p p o r t u n i t y t o a s s e s s fo r y o u r s e l v e s t h e p o t e n t i a l o f t h i s p r o g r a m t o 
a s s i s t y o u r o w n a c t i v i t i e s , t o c o n t r i b u t e t o its e v o l u t i o n , a n d a l s o t o g e t t o k n o w 
s o m e t h i n g o f o n e a n o t h e r ' s p r o g r a m s . A l t h o u g h t h e t h e m e o f t h e w o r k s h o p i s r e g i o n a l 
c o o p e r a t i o n , t h i s p h r a s e m e a n s m o r e t h a n c o o p e r a t i o n b e t w e e n t h e r e g i o n a l p r o -
g r a m a n d t h e v a r i o u s n a t i o n a l p r o g r a m s : w e h o p e t ha t b y g e t t i n g t o k n o w o n e a n o t h e r 
h e r e t h i s w e e k , y o u wi l l b e a b l e t o c o n t i n u e c o m m u n i c a t i n g d i r e c t l y a m o n g y o u r -
s e l v e s w h e n e v e r y o u a r e a w a r e o f m u t u a l i n t e r e s t s . 
*Program Officer, lnternational Development Research Centre (IDRC) Regional Office for Eastern and Southern Africa. 
P.O. Box 62084, Nairobi, Kenya. 
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Response to Opening Address 
R.A. Kirkby* 
S o u t h e r n A f r i c a i s a h e t e r o g e n e o u s r e g i o n i n s o m e r e s p e c t s . E c o l o g i c a l c o n d i t i o n s 
f o r g r o u n d n u t p r o d u c t i o n v a r y f r o m i r r i g a t e d p r o d u c t i o n i n p a r t s o f Z i m b a b w e t o 
p r o d u c t i o n u n d e r v e r y l o w ra in fa l l c o n d i t i o n s i n B o t s w a n a a n d s o u t h e r n M o z a m b i q u e . 
Y o u a r e d e v e l o p i n g t e c h n o l o g y fo r f a r m e r s o f v e r y d i f f e r e n t s o c i o e c o n o m i c c i r c u m -
s t a n c e s , r a n g i n g f r o m l a r g e s c a l e c o m m e r c i a l p r o d u c e r s t o s o m e o f t h e s m a l l e s t a n d 
p o o r e s t f a r m e r s , w h o n e e d l o w e r i npu t t e c h n o l o g y . T h e u s e s f o r w h i c h g r o u n d n u t s 
a r e p r o d u c e d i n c l u d e c o n s u m p t i o n a s oi l o r a s a p u l s e b y t h e p r o d u c e r ' s f a m i l y , f o r 
c a s h , a n d fo r d r y - s e a s o n g r a z i n g o f c r o p r e s i d u e s . For t h e s e r e a s o n s c e r t a i n 
r e s e a r c h n e e d s d i f fe r f r o m c o u n t r y t o c o u n t r y , a s d o a l s o t h e r e s o u r c e s o f t r a i n e d 
m a n p o w e r a n d s u p p o r t s e r v i c e s p r e s e n t l y a v a i l a b l e t o n a t i o n a l g r o u n d n u t i m p r o v e -
m e n t p r o g r a m s . W h a t , t h e r e f o r e , s h o u l d t h e r e s e a r c h p r i o r i t i es b e a t t h e r e g i o n a l l e v e l , 
a n d h o w c a n t h e r e g i o n a l p r o g r a m b e s t t a k e in to a c c o u n t t h i s d i v e r s i t y o f n e e d s ? 
S o m e r e s e a r c h a d m i n i s t r a t o r s p a r t i c i p a t i n g i n last m o n t h ' s S A D C C A g r i c u l t u r a l 
R e s e a r c h C o n f e r e n c e q u e s t i o n e d w h e t h e r a r e g i o n a l p r o g r a m b a s e d i n o n e o f t h e 
m e m b e r s t a t e s c o u l d b e c o m e rea l l y e f f e c t i v e i n a s s i s t i n g t h e p r o d u c t i v i t y o f r e s e a r c h 
p r o g r a m s i n t h e o t h e r e i g h t p a r t n e r s t a t e s . A s t h e s c i e n t i s t s r e s p o n s i b l e f o r i m p l e -
m e n t i n g n a t i o n a l p r o g r a m s , y o u h a v e a u n i q u e o p p o r t u n i t y t h i s w e e k t o i n d i c a t e , f r o m 
y o u r t e c h n i c a l p e r s p e c t i v e s a n d i n t h e l ight o f t h e c o u n t r y p r e s e n t a t i o n s b e i n g m a d e 
t o d a y , t h e m o s t e f f e c t i v e w a y s fo r t h e r e g i o n a l p r o g r a m t o f u n c t i o n . I k n o w t h a t b o t h 
I C R I S A T a n d I D R C wi l l b e l i s t en ing i n ten t l y t o y o u r s u g g e s t i o n s , a n d s e e k i n g w a y s t o 
r e s p o n d d u r i n g t h e nex t p h a s e o f t h e r e g i o n a l p r o g r a m t o t h e n e e d s t h a t y o u iden t i f y . 
S o m e c r u c i a l q u e s t i o n s t ha t w e m a y w a n t t o t h i n k a b o u t t h i s w e e k a r e : w h a t 
a c t i v i t i e s s h o u l d e a c h n a t i o n a l g r o u n d n u t i m p r o v e m e n t p r o g r a m s t r i ve t o u n d e r t a k e 
i tsel f u s i n g i ts o w n r e s o u r c e s , w h a t m a t e r i a l s a n d s e r v i c e s c o u l d t h e r e g i o n a l p r o g r a m 
m o r e e f f i c i e n t l y p r o v i d e d i r e c t l y t o n a t i o n a l p r o g r a m s , a n d i n w h a t o t h e r w a y s c o u l d 
t h e r e g i o n a l p r o g r a m s t r e n g t h e n t h e e f f e c t i v e n e s s o f n a t i o n a l p r o g r a m s t h r o u g h 
f a c i l i t a t i n g c o o p e r a t i o n a m o n g t h e m ? 
A n o t h e r n a t i o n a l p a r t i c i p a n t a t last m o n t h ' s S A D C C C o n f e r e n c e c o m m e n t e d o n 
t h e poss ib i l i t y o f c o m p e t i t i o n fo r e x t e r n a l f u n d s b e t w e e n r e g i o n a l a n d n a t i o n a l 
r e s e a r c h p r o g r a m s . P e r h a p s w e h e r e a r e i n t h e a d v a n t a g e o u s p o s i t i o n o f h a v i n g 
m a d e a m o d e s t s ta r t w i t h th is p a r t i c u l a r r e g i o n a l p r o g r a m , a n d o f h a v i n g a t l eas t t w o 
y e a r s ' l e a d t i m e o v e r a l l o t h e r S A D C C c r o p r e s e a r c h p r o g r a m s . T h i s i s y o u r o p p o r t u n -
ity t o h e l p d e t e r m i n e t h e f u t u r e c o u r s e o f t h i s p r o g r a m a n d t o m a k e i t y o u r o w n , a s w e l l 
a s p e r h a p s t o i n f l u e n c e i n d i r e c t l y t h e o r g a n i z a t i o n o f f u t u r e r e g i o n a l p r o g r a m s . I n 
d o i n g th is , y o u a r e l i ke ly t o b e n e f i t m a n y o t h e r s i n y o u r c o u n t r i e s . 
I w i s h y o u a f ru i t fu l a n d e n j o y a b l e w e e k o f d i s c u s s i o n s . 
T h a n k y o u fo r l i s t e n i n g t o m e . 
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P a r t i c i p a n t s o f t h e G r o u n d n u t C o n f e r e n c e , C o l l e a g u e s , L a d i e s a n d G e n t l e m e n : 
I r e g r e t v e r y m u c h t h a t I C R I S A T ' s a c t i v i t i e s i n H y d e r a b a d h a v e p r e v e n t e d m e f r o m 
b e i n g w i t h y o u fo r t h i s in i t ia l c o n f e r e n c e b e i n g h e l d b y I C R I S A T ' s G r o u n d n u t P r o g r a m . 
I h a v e r e a d t h e a g e n d a a n d f o l l o w e d t h e d e v e l o p m e n t o f t h i s W o r k s h o p c a r e f u l l y s o I 
a m c e r t a i n t ha t i t wi l l b e a m o s t p r o d u c t i v e a n d r e w a r d i n g u n d e r t a k i n g for y o u . 
I t i s I C R I S A T ' s i n t e n t i o n t o h o l d s u c h c o n f e r e n c e s a n d o t h e r f o r m s o f c o o p e r a t i v e 
m e e t i n g s a s m u c h a s p o s s i b l e i n t h e f u t u r e . I c a l l u p o n e a c h o f y o u t o p a r t i c i p a t e t o t h e 
fu l l es t e x t e n t a n d d e v e l o p a s e n s e o f p u r p o s e a n d un i t y as a r esu l t o f t h i s w o r k s h o p . 
I am h o p e f u l t ha t n e x t y e a r o r a t s o m e f u t u r e y e a r I w i l l be w i t h y o u fo r t h i s m o s t 
i m p o r t a n t e v e n t . 
Welcome from ICRISAT 
Curtis R. Jackson* 
*Director of International Cooperation, ICRISAT. 
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I n t roductory Papers 

The SADCC Regional Grain Legumes 
Improvement Program 
D.R.B. Manda* 
Summary 
This paper provides background information on the Southern African Deveiopment Coordination 
Conference (SADCC) decision to consider the establishment of a Grain Legume Improvement 
Program. Groundnut would be an important crop in this program. Some information is provided on 
the scope of the proposed project and the crops, institutions, and countries involved. 
The Southern Af r ican Heads of State at their Lu-
saka Summit in Apri l 1980 d i rec ted that Agr icul tural 
Research be an area of coopera t ion be tween the 
Southern Afr ican Deve lopment Coord inat ion Con-
fe rence (SADCC) countr ies. The resolut ion gives 
priority to research related to the agr icul tura l prob-
lems of the semi -ar id areas. 
S A D C C with the help of ICRISAT identi f ied 
research areas that wou ld have regional foc i . As a 
result, four regional research pro jects were 
identi f ied: 
• Land and Water Management — Botswana 
• Sorghum and Pearl Millet Center — Z imbabwe 
• Southern Afr ica Center for Coopera t ion in Agr i -
cul tural Research — Botswana 
• Regional Groundnut Research Center — 
Malawi 
Ass is tance for the S A D C C region has been 
p ledged by Cooperat ion for Deve lopment in Af r ica 
(CDA) w h i c h was establ ished in 1978 to coord ina te 
programs and resources in order to p romote agr i-
cul tura l deve lopment and product iv i ty in Afr ica. 
C D A is a g roup of seven Western donor nat ions: 
Be lg ium, Canada, France, Italy, the Uni ted King-
dom, West Germany, and the USA. In March 1983, 
representat ives of CDA made a reconna isance 
visit to all S A D C C countr ies to identify priority areas 
of agr icul tural research for f inanc ing by the group. 
In their report, they thought that the Regional 
Groundnut Research Program under ICRISAT 
sponsorsh ip at Chi tedze in Malawi was too nar 
rowly based and recommended that i t be expanded 
to a lso inc lude other gra in legume c rops important 
in the region: beans, cowpeas , and p igeonpeas. 
In Apri l 1983 the S A D C C Food Securi ty Consu l -
tat ive Techn ica l Commi t tee (CTC) for Agr icul tura l 
Research met in Harare, Z imbabwe to cons ider the 
C D A reconna isance report. C T C is a commi t tee of 
all D i rectors of Agr icul tural Research f rom S A D C C 
countr ies. T h e C T C agreed with the r e c o m m e n d a -
t ions of the C D A report and proposed that a six-
p e r s o n t e a m be s e l e c t e d t o p r e p a r e a 
comprehens ive feasibi l i ty study for a Gra in 
* Deputy Chief Agr icul tura l Research Off icer, Min is t ry of Agr icu l ture, L i longwe, Malawi. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Legume Improvement Program (GLIP) for South-
ern Afr ica. Th is study would expand the exist ing 
Regional Groundnut Program now located in 
Malawi , f inanced by IDRC and imp lemented by 
ICRISAT. It was further agreed that support for this 
project be requested f rom France in order to exploit 
the expert ise and exper ience wh ich have been so 
benef ic ial to West Afr ica. SADCC countr ies cou ld 
benefit f rom this exper ience in the short run, part ic-
ularly in the areas of short durat ion, drought resis-
tant variet ies; and seed mult ip l icat ion and seed 
exchange schemes for smal l farmers. 
The C T C a lso recommended that the Headquar -
ters of the proposed S A D C C Grain Legume 
Improvement Program for Southern Afr ica remain 
in Malawi but that substat ions be establ ished in 
Tanzania for cowpeas , in Mozambique lowland 
drier areas for groundnuts, and in Lesotho for 
beans. 
The S A D C C Counci l of Ministers Meet ing held in 
Dar es Salaam, Tanzania on 5 May 1983 noted the 
title change f rom Regional Groundnut Program to 
Grain Legume Improvement Program (GLIP) in 
order to broaden the scope of the research. They 
also agreed to the suggest ion that whi le the pro-
g ram headquarters remain in Malawi , substat ions 
be establ ished in Mozambique, Lesotho, and 
Tanzania. 
A seven -member t eam was assemb led and f rom 
14 Nov-20 Dec 1983, they prepared the Gra in 
Legume Improvement Program Feasibil i ty Study. 
One or more team members visi ted the SADCC 
countr ies except Angola. 
The compos i t ion of the team was: 
Dr. R.I. Jackson 
Senior Agronomis t 
USAID, Wash ington DC, USA 
T e a m Leader 
Mr. D.R.B. Manda 
Deputy Chief Agr icul tural Research 
Officer, Malawi 
Dr. J.F.M. On im 
Agronomist , CRSP for Smal l Ruminants 
Winrock International, Kenya 
Dr. J.D. Franckowiak 
Assistant Professor of Ag ronomy 
North Dakota State Universi ty 
Fargo, ND, USA. 
Dr. L Mosele 
Freelance Consul tant (Economist ) 
45010 R iva (Rov igo ) Italy 
Dr. R. Schi l l ing 
Assistant Director, Annua l Oil Crops 
Depar tment , IRHO, Paris, F rance 
Dr. B.J. Ndunguru 
Professor and Head , Depar tment of C rop 
Sc ience , Universi ty of Dar es Sa laam, 
Tanzania 
The Feasibi l i ty Report has been wr i t ten and wil l 
be d iscussed by the C T C for Agr icu l tura l Research 
in June before a des ign team is engaged to prepare 
the implementa t ion document . The legumes wh i ch 
the t eam bel ieves should rece ive due cons idera -
t ion for further research th rough the GLIP are: 
C o m m o n beans 
Cowpeas 
G r o u n d n u t s / p e a n u t s 
P igeonpeas 
Bambara nuts 
Soybeans 
Ch ickpeas 
Guar 
Mung beans 
Peas 
The informat ion avai lable f rom the S A D C C 
count r ies c lear ly ind icates that i f further research is 
under taken there is a great potent ial to increase 
product iv i ty and product ion of grain legumes in the 
region. 
The si tuat ion wh ich emerges f rom the analys is of 
the e c o n o m i c and socia l ind icators of the S A D C C 
count r ies is cause for m u c h conce rn . Populat ion is 
g rowing at an average rate of about 3% per year. 
Agr icu l tura l product ion growth is absolute ly unable 
to meet the increas ing needs. T h e importat ion of 
food products has been increas ing; i t is es t imated 
that the region imports an average of at least 1 6 % 
of its food consumpt ion . The a l ready cr i t ical food 
prob lem in the S A D C C count r ies may be worsen-
ing. They may have to rely more and more on 
imports, further worsen ing the ba lance of payment 
s i tuat ion. Stat ist ics show that the roles of grain 
legumes in the agr icul tural sys tems and in the diet 
are far less important than they should be. 
The goal of the GLIP is to increase gra in legume 
product ion within the region and reduce the per iod-
ic food shor tages due to low product iv i ty c a u s e d by 
agr icul tural const ra in ts such as d iseases, insects, 
drought, low-y ie ld ing cul t ivars, and low quality. The 
purpose of the p rogram is to assist in the deve lop-
ment and int roduct ion of new cul t ivars and 
improved cul tural techn iques. The transfer of this 
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techno logy and its adopt ion by fa rmers wil l 
inc rease product ion and the avai labi l i ty of l egumes 
for meet ing future food requi rements. 
T h e deve lopment o f the centers and the s u b c e n -
ters shou ld be comp le ted by the end of the first 5 
years. At the end of the first 5-year phase of th is 
p rogram, i t is p lanned that there wil l be research 
faci l i t ies located at headquar ters in Malawi wh i ch 
wil l be fully equ ipped and staffed for conduc t i ng a 
regional gra in legume research effort. Dur ing this 
phase i t is p roposed that ass is tance wil l be pro-
v ided in the t ra in ing of s o m e 22 M.Sc. and 5 Ph.D. 
students, par t ic ipat ion in on- the- job t ra in ing wi th in 
the region and spec ia l t ra in ing for s tudents and 
scient is ts f rom the region. Workshops and semi -
nars will be held to deve lop better commun ica t i ons 
and interact ion a m o n g scient is ts f rom within the 
region. Commun ica t i on wil l be improved th rough 
the network ing of sc reen ing tr ials where in the 
research workers wil l be s igni f icant ly involved. T h e 
research scient is ts of e a c h count ry wil l visit and 
observe the trials throughout the region on an 
annual basis. 
It is wor th not ing that the c rops of this regional 
GLIP center fal l under the mandate of three inter-
nat ional inst i tut ions: C IAT (Centro Internacional de 
Agr icu l tura Tropica l ) , I ITA ( Internat ional Insti tute of 
Trop ica l Agr icu l ture) , and ICRISAT, as wel l as the 
B e a n - C o w p e a CBSP (Col laborat ive Research 
Support Program) of the Uni ted States. These insti-
tut ions a l ready have a weal th of expert ise to help 
the S A D C C region, and are ac t ive in the region. We 
hope the S A D C C Gra in L e g u m e Improvement Pro-
g ram wil l b e c o m e a better base for t h e m to c o n -
t inue to help us. At this point I need to ment ion that 
the Sorghum and Millet project has a l ready started 
in Z imbabwe under ICRISAT. Th is we apprec ia te 
very m u c h . 
I t has been r e c o m m e n d e d that an independent 
Managemen t Entity be estab l ished to ef fect ively 
m a n a g e and adminis ter the GLIP and a t the same 
t ime not have any bias toward any of the part ic ipat-
ing centers or universi t ies. All par t ic ipat ing and 
co l laborat ing research organizat ions wou ld be 
t reated equal ly and fairly. 
T h e Managemen t Entity wou ld be the sole 
rece iver o f donor funds and wou ld d isperse these 
on con t rac t basis to the part ic ipat ing inst i tut ions. At 
the same t ime, i t wou ld use d iscret ion and prov ide 
operat ional suppor t to nat ional p rograms where 
funds and serv ices were required. Th is cou ld 
inc lude funds for car ry ing out the p roposed sc reen -
ing p rog rams in the count r ies and other i tems 
requir ing funds to ef fect ively a c c c o m p l i s h the pro-
g ram object ives. 
I t is p roposed that an Internat ional Adv isory 
Panel be estab l ished soon after the beg inn ing of 
the implementat ion of the p rogram. T h e pane l wil l 
be c o m p o s e d o f seven members , th ree o f w h o m 
wil l be f rom wi th in the region and four f r om outs ide. 
The members f rom outs ide cou ld be appo in ted by 
the donor(s) to the program. T h e panel wil l meet 
annual ly to rev iew progress and make suggest ions 
to the Managemen t Entity for fu ture p lanning. 
T h e program c a n be just i f ied on a number of 
grounds: 
• Increased supply of vegetab le protein in the 
S A D C C countr ies. 
• High returns on investments. 
• Saving of foreign exchange . 
• Inc rease in the level of i ncome of smal l holders. 
• Mult ipl ier effect. 
The cost for the first year phase of the p rogram is 
es t imated to be S18.0 mil l ion. Th is is all I c a n say at 
this moment . Remember this is a Feasibi l i ty Study 
Report. Th is report, once d iscussed , wil l be a major 
input for des ign ing the project. 
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The ICRISAT Groundnut Program 
D. McDonald* 
Summary 
In 1976 ICRISAT was designated a world center for the improvement of yield and quality of 
groundnut and to act as a world repository for the genetic resources of the cultivated Arachis 
hypogaea and its wild relatives in the genus Arachis. About 67% of the world's groundnuts are 
produced by small farmers in the semi-arid tropics (SA T), but yields are low at around 780 kg/ha of 
dried pods. The potential yields are over 5000 kg/ha but cannot be attained because of such 
constraints as diseases, pests, and unreliable rainfall. This paper discusses these and other produc-
tion constraints and outlines research being done on them by the ICRISA T Groundnut Improvement 
Program. The establishment of the ICRISAT Regional Groundnut Program in Southern Africa and 
our projected cooperative programs for Southeast Asia and West Africa will greatly increase the 
scope of the ICRISA T Groundnut Program to assist national programs in all aspects of research on 
groundnut problems. 
The groundnut or ig inated in South Amer i ca but is 
now g rown throughout the t ropical and warm tem-
perate regions of the wor ld . Commerc ia l p roduc-
t ion is largely wi th in the limits of lat i tudes 4 0 ° N and 
4 0 ° S . I t is es t imated that 6 7 % of the wor ld 's 
groundnut product ion is g rown in the semi-ar id 
t rop ics (SAT), a lmost entirely by smal l fa rmers of 
l imited means . The average yield of 780 k g / h a of 
dr ied pods compares unfavorably with the 2900 
k g / h a g rown in count r ies with deve loped agr icu l -
ture. Yie lds of over 3000 k g / h a are c o m m o n on 
research farms in the SAT, indicat ing good poten-
tial for improving farmers ' y ields. Constra ints to 
groundnut product ion in the SAT inc lude d a m a g e 
by pests and diseases, unrel iable rainfall pat terns 
with recurr ing droughts, lack of h igh-y ie ld ing 
adapted cul t ivars, poor agronomic pract ices, and 
l imited fertilizer use. In many of the SAT count r ies 
there is a scarc i ty of wel l t ra ined, spec ia l ized 
groundnut researchers avai lable to solve the many 
prob lems affect ing the crop. The need for an inter-
nat ional p rogram to s t rengthen research on 
* Principal Plant Pathologist, ICRISAT. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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groundnut was recognized when i t b e c a m e the fifth 
ICRISAT mandate c rop in 1976. T h e Institute was 
required to serve as a wor ld center for the improve-
ment of yield and quality, and to act as a repository 
for the genet ic resources of the cul t ivated g round-
nut, Arachis hypogaea, and its wild relat ives in the 
genus Arachis. Research at ICRISAT has c o n c e n -
trated on breeding for res is tance to product ion l im-
iting factors. It is evident that breeding is of more 
value to the smal l farmer than solut ions based on 
high technology. 
G e r m p l a s m Base 
During 1976—the first year after ICRISAT was 
designated as a wor ld center for the co l lec t ion , 
main tenance and documenta t ion of the genus 
Arachis—2443 access ions were rece ived. The 
total is now 10111 groundnut ge rmp lasm a c c e s -
sions, with over 1000 more awai t ing plant quaran-
tine c learance. There are a lso 171 access ions of 
22 descr ibed and several undescr ibed Arachis 
spp., and 2 interspeci f ic hybr ids. Der ivat ives of 
interspecif ic c rosses will be added to the g round-
nut ge rmp lasm col lec t ion when stabil ized at the 
tetraploid level. 
The germp lasm co l lec t ion is under the contro l of 
the ICRISAT Genet ic Resources Unit. Ge rmp lasm 
botanists record a wide range of plant charac te rs 
when evaluat ing the var ious ge rmp lasm lines. In 
consul tat ion with the Internat ional Board of Plant 
Genet ic Resources ( IBPGR) a set of descr ip tors 
has been agreed and data are being entered into 
the computer . 
Since 1976, 19625 seed samples have been 
suppl ied to cooperat ing scient ists in many c o u n -
tries. The availabil i ty of the wor ld co l lec t ion has 
enabled ICRISAT scient ists to sc reen a wide range 
of germp lasm for res i s tance / to le rance to the var-
ious factors that reduce yield of g roundnuts . 
T h e G r o u n d n u t I m p r o v e m e n t 
P r o g r a m 
The Groundnut Improvement Program has discip l i -
nary Subprograms in Breeding, Cytogenet ics , 
Pathology, Entomology, and Physiology. The Phy-
siology Subprogram inc ludes Microb io logy wh i ch 
was previously a separate unit. Most of the 
research is mult id iscipl inary, wi th speci f ic research 
goals of breeding for: 
• res is tance to major d iseases and pests, 
• r es i s tance / to le rance to drought , 
• inc reased b io logical n i t rogen f ixat ion, 
• h igh yield and qual i ty, 
• ear l iness and seed do rmancy , and 
• adapta t ion to speci f ic photoper iods. 
T h e breeding work depends on ident i fy ing sour-
ces of res is tance to stress fac tors , unders tand ing 
basic phys io log ica l p rocesses , e luc idat ing d isease 
ep idemio logy, etc. These data will be useful to 
deve lop cul tural methods to min imize the adverse 
ef fects of st ress fac tors if genet ic opt ions are not 
avai lable or are inadequate. 
The Program is involved in coopera t ive research 
with other ICRISAT Programs, especia l ly Farming 
Sys tems and Economics , with many sc ient is ts in 
SAT count r ies , and with mentor inst i tutes in deve-
loped countr ies. The estab l ishment of the Regional 
Groundnut Program for Southern Afr ica has 
ex tended the range of research that c a n be done 
by ICRISAT and has improved opportuni t ies for 
ef fect ive coopera t ion with groundnut research 
workers wi th in the region. 
Diseases 
Foliar Diseases 
The most important fung i -caused foliar groundnut 
d iseases are the leafspots (Cercospora arachidic-
ola and Cercosporidium personatum) and rust 
(Puccin ia arachidis). At ICRISAT Center rust and 
late leafspot (C. personatum) occu r e a c h year in 
ep idemic proport ions. Together they have been 
shown to c a u s e yield losses in suscept ib le cu l t i -
vars of up to 70%, whi le each d isease on its own is 
capab le of caus ing up to a 5 0 % loss. All re leased 
Indian cul t ivars are suscept ib le. Field sc reen ing of 
the wor ld ge rmp lasm co l lec t ion for res is tance to 
these two d iseases was started at ICRISAT Center 
in 1977, and over 9000 access ions have now been 
examined . Some 34 genotypes have been found to 
have good res is tance to rust, 24 have res is tance to 
late leafspot, and 17 of the genotypes have good 
res is tance to both d iseases (Table 1). The resistant 
genotypes have been l isted in the ICRISAT 1981 
Annua l Report ( ICRISAT 1982) and in research 
papers. Fourteen ge rmp lasm lines with rust resist-
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Table 1. Rust early leafspot and late leafspot reactions of some groundnut genotypes in field screening trials at 
ICRISAT Center, rainy season 1983 . 
Genotypes 
NC Ac 17090 
PI 2 5 9 7 4 7 
PI 3 9 0 5 9 3 . 
PI 3 9 3 6 4 6 
PI 4 0 5 1 3 2 
PI 4 1 4 3 3 2 
EC 76446(292) 
PI 3 5 0 6 8 0 
PI 3 1 4 8 1 7 
PI 3 1 5 6 0 8 
PI 3 4 1 8 7 9 
PI 3 8 1 6 2 2 
PI 393517 
PI 393527-B 
PI 3 9 3 6 4 3 
PI 4 0 7 4 5 4 
PI 4 1 4 3 3 1 
NC Ac 17133-RF 
NC Ac 927 
USA 63 
PI 3 9 0 5 9 5 
PI 2 7 0 8 0 6 
PI 3 9 3 5 2 6 
PI 393531 
PI 393641 
PI 2 1 5 6 9 6 
NCAc 17132 
NCAc 17135 
NCAc 17127 
PI 2 9 8 1 1 5 
Krap St. 16 
NCAc 17129 
PI 3 9 3 5 1 6 
NC Ac 17506 
NCAc 17142 
C No. 45-23 
NC Ac 17502 
NC Ac 15989 
RMP 12 
NC 3 0 3 3 
EC 7 6 4 4 6 
TMV 22 
Rust 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 
3.3 
3.3 
3.3 
3.7 
3.7 
3.7 
3.7 
3.7 
4.0 
4.0 
4.3 
4.3 
3.7 
4.7 
4.7 
4.7 
5.0 
6.3 
7.3 
8.3 
8.3 
9.0 
9.0 
9.0 
Oisease scores1 
Early leafspot 
8.7 
7.3 
8.0 
8.7 
7.0 
8.0 
7.7 
7.0 
8.7 
7.3 
8.7 
8.0 
7.7 
8.7 
7.3 
8.7 
8.7 
7.7 
8.7 
8.0 
8.0 
7.3 
8.3 
8.3 
7.7 
8.0 
8.0 
7.3 
9.0 
8.3 
8.3 
9.0 
8.3 
8.3 
8.0 
8.3 
7.3 
7.0 
6.7 
8.0 
8.7 
9.0 
Late leafspot 
5.7 
3.0 
4.7 
6.3 
3.0 
6.0 
3.0 
3.3 
6.3 
6.7 
3.3 
3.3 
6.7 
6.7 
6.7 
6.7 
7.3 
3.3 
3.3 
3.0 
3.3 
3.3 
5.7 
6.7 
4.7 
3.3 
3.3 
3.7 
4.3 
7.7 
3.7 
4.3 
3.3 
3.7 
4.3 
5.3 
5.3 
3.7 
4.0 
9.0 
9.7 
9.0 
Continued 
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ance have been jointly re leased by ICRISAT and 
USDA (Hammons et at. 1982a, b, c) . 
Most of the rust and late leafspot resistant l ines 
are low yielding and have undesi rable pod and 
seed characters . Breeders have been c ross ing 
them with h igh-y ie ld ing, but d isease suscept ib le 
cul t ivars, and are now wel l on the way to deve lop-
ing rust- and late leafspot-resistant cul t ivars wi th 
good agronomic charac te rs (Table 2). In one f ield 
trial dur ing the 1982 rainy season at ICRISAT four 
rust resistant l ines y ie lded over 2200 k g / h a dr ied 
pods. T h e suscept ib le re leased cult ivar JL 24 
y ie lded only 870 k g / h a . 
The stabil ity of the res is tance to rust and late 
leafspot has been c h e c k e d by compar ing sc reen -
ing results at ICRISAT over severa l seasons and by 
conduc t ing an Internat ional Groundnut Foliar Dis-
eases Nursery. The res is tances appear to be sta-
ble. The biology of pa thogens has a lso been 
invest igated and res is tance componen ts have 
been measured . T h e phys io log ica l impl icat ions of 
d isease res is tance are now being examined and 
the f indings may in f luence breed ing and d isease 
contro l strategies. 
At ICRISAT the early leafspot d isease c a u s e d by 
C. arachidicola does not normal ly b e c o m e severe 
enough to permit rel iable f ield res is tance sc reen -
ing, but in the 1983 rainy season the at tack by this 
d isease was suff iciently severe to a l low meaningfu l 
screen ing, and some genotypes showed signif i-
cant res istance. Early leafspot is c o m m o n l y pres-
ent in ep idemic fo rm at Chi tedze Agr icul tura l 
Research Stat ion, L i longwe, Malawi , where an 
ICRISAT Regional Groundnut Program w a s es tab-
l ished in 1982. ICRISAT ge rmp lasm is now being 
sc reened for res is tance to th is d isease in Chi tedze. 
Some l ines repor ted resistant to ear ly leafspot in 
the USA are suscept ib le in Malawi . 
Near- te t rap lo id der ivat ives have been deve l -
oped f rom c rosses be tween wi ld Arachis spec ies 
immune or highly resistant to the leafspots and rust 
d iseases, and h igh-y ie ld ing groundnut cul t ivars. 
These der ivat ives have useful res is tance to one or 
more of these important fol iar d iseases and are 
now used in the res is tance breeding programs. 
Pod Rot Diseases 
Pod rots caused by a comp lex of soil inhabit ing 
fungi cause ser ious reduct ions in both y ie ld and 
qual i ty of g roundnuts in a number of countr ies. T h e 
extent of the d a m a g e is not a lways evident at har-
vest, and it is l ikely that the inc idence of pod rots 
and the yield losses at t r ibuted to this prob lem have 
been cons iderab ly underest imated. Losses of over 
2 0 % have been recorded a t ICRISAT for s o m e 
genotypes . Field screen ing for res is tance has been 
c o m p l i c a t e d b y u n e v e n d i s e a s e i n c i d e n c e 
be tween and within f ields, but 11 geno types have 
been shown to have signi f icant ly lower inc idences 
of rot ted pods than suscept ib le c h e c k cul t ivars 
( ICRISAT 1982). 
T h e most important fungi involved in pod rott ing 
at ICRISAT are spec ies of Fusarium, Macrophom-
ina phaseolina and Rhizoctonia solani. Dif ferent 
fungi and vary ing combina t ions of fungi have been 
found assoc ia ted with pod rots in dif ferent p laces. 
Th is var iat ion may have impl icat ions for res is tance 
sc reen ing and breeding. 
Aspergillus flavus and Aflatoxins 
Af latoxins are tox ic secondary metabol i tes p rod-
u c e d by stra ins of fungi of the Aspergillus flavus 
group w h e n growing on sui table substrates. 
Groundnut seed and groundnut p roduc ts a re very 
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Table 1. Continued 
Genotypes 
J 112 
JL 2 4 2 
Robut 3 3 - 1 2 
SE + 
CV(%) 
Rust 
9.0 
9.0 
9.0 
0.24 
9.14 
Disease scores1 
Early leafspot 
9.0 
8.7 
8.6 
0.36 
7.71 
Late leafspot 
9.0 
9.0 
8.3 
0.27 
9.11 
1. Mean of field disease scores on a 9-point scale; 1 - no disease and 9 - 50 to 100% foliage destroyed. 
2. Foliar diseases-susceptible released high-yielding cultivars. 
Table 2. Performance of some rust resistant advanced lines at ICRISAT Center, rainy season 1983. 
Trial 
F6/7 
F10 (Selec-
tions 
from 
rainfed 
fields) 
F9 
F10 
Pedigrees 
(RMP-91 x Dht-200)-F6-B(S1) 
(RMP-91 x Dht-200)-F6-B(S2) 
(Robut 33-1 x PI 298115) F5-B 
NC Ac 1 7090 (Resistant check) 
Robut 33-1 (Susceptible check) 
JL 24 (Susceptible check) 
SE 
Trial mean 
CV (%) 
(NC-Fla-14 x NCAc 1 7090)F9-B 
(Tifspan x Nc Ac 1 7090) F9-B 
(Gang-1 x PI 259747) F9-B 
NC Ac 17090 (Resistant check) 
Robut 33-1 (Susceptible check) 
JL 24 (Susceptible check) 
SE 
Trial mean 
(CV %) 
(Ah-65 x NC Ac 1 7090) F8-B 
(NC Ac 2 1 9 0 x NC Ac 1 7090) F8-B 
(JH 60 x NcAc 17090) F8-B 
NC Ac 17090 (Resistant check) 
Robut 33-1 (Susceptible check) 
JL 24 (Susceptible check) 
SE 
Trial mean 
CV (%) 
(NC Ac 1107 x NC Ac 17090) F9-B 
(JH 60 x PI 259747) F9-B 
(Ah 65 x NC Ac 17090) F9-B 
NC Ac 17090 (Resistant check) 
Robut 33-1 (Susceptible check) 
JL 24 (Susceptible check) 
SE 
Trial mean 
CV (%) 
Yield (kg/ha) 
HP 
4 0 6 0 
3 7 3 0 
3650 
3890 
2810 
2190 
142 
3640 
8 
3150 
3060 
2 4 3 0 
3240 
2 6 7 0 
2 2 9 0 
197 
2 5 2 0 
13 
4 1 6 0 
4 1 5 0 
3340 
3290 
2 4 1 0 
2280 
165 
3160 
9 
4 0 7 0 
3850 
2740 
3670 
2 5 6 0 
2710 
182 
2 8 9 0 
11 
LI2 
1970 
2180 
2060 
1570 
1716 
780 
119 
1610 
13 
1790 
1320 
1930 
1750 
1490 
840 
94 
1430 
11 
2200 
2020 
2240 
2040 
1620 
1010 
148 
1790 
14 
2080 
2 5 3 0 
2470 
1820 
1740 
1080 
144 
1830 
14 
Rust disease score3 
3.2 
3.0 
3.5 
3.2 
6.7 
5.7 
0.4 
3.9 
19.5 
3.7 
3.0 
4.0 
3.2 
7.2 
7.0 
0.3 
4.0 
14.3 
3.3 
3.2 
3.2 
2.8 
8.3 
7.7 
0.4 
3.6 
20.8 
2.8 
2.8 
3.0 
3.0 
4.7 
4.7 
0.3 
3.1 
16.5 
1. HL= High input (60 kg/ha P2O5 wi th irrigation and insecticidal sprays). 
2. LI = Low input (20 kg/ha P2O5 rainfed and no insecticidal spray). 
3. Recorded from rainfed trials on a 9-point disease scale; 1 - no disease, and 9 - 50 to 100% foliage destroyed. 
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e f f e c t i v e s u b s t r a t e s f o r p r o d u c t i o n o f t h e t o x i n s . 
I n v a s i o n o f g r o u n d n u t s e e d s b y t h e t o x i g e n i c f u n g i 
i s f a v o r e d b y d a m a g e t o t h e d e v e l o p i n g p o d s b y 
p a t h o g e n i c f u n g i , i n s e c t s , d r o u g h t s t r e s s , a n d c u l t i -
v a t i o n s . D a m a g e d h a r v e s t e d a n d s t o r e d p o d s a n d 
s e e d s , a s w e l l a s w e t s e e d s , a r e a t i n c r e a s e d r i sk 
f r o m f u n g a l i n v a s i o n . A f l a t o x i n c o n t a m i n a t i o n c a n 
b e m i n i m i z e d b y a d o p t i n g f a r m i n g a n d p r o d u c e 
handl ing methods des igned to avoid d a m a g e to 
pods and seeds. But unfortunately few farmers in 
the SAT fol low the r ecommended procedure, so 
attent ion has therefore been concen t ra ted on utiliz-
ing genet ic res istance. Breeding l ines with testa 
res is tance to invasion of rehydrated dr ied seeds 
were reported f rom the USA. This res is tance was 
conf i rmed at ICRISAT Center and several more dry 
seed resistant genotypes identi f ied (Mehan et al. 
1981). It is of interest that some of these genotypes 
were also found to be resistant to pod rots. 
Several of the genotypes identi f ied as resistant to 
colonizat ion of the dr ied seeds by Aspergillus fla-
-us ( J11 , PI 337409, PI 337394F, UF 7 1 5 1 3 - 1 , Ah 
7213, Var. 27, and U4-4-1) have been extensive ly 
c rossed with suscept ib le but h igh-y ie ld ing cu l t i -
vars. Derivat ives of these c rosses have been 
se lected wh ich have good yield and seed quality, 
and have levels of seed res is tance to Aspergillus 
flavus colonizat ion comparab le to those of the 
resistant parents. 
A number of ge rmp lasm lines have also been 
tested for res is tance to af latoxin product ion fol low-
ing invasion of seeds by tox igenic strains of A. 
flavus. All genotypes suppor ted af latoxin produc-
t ion but s igni f icant varietal d i f ferences in a c c u m u -
lation rates and total tox in p roduced were found 
(Mehan and McDona ld 1984). 
Virus Diseases 
Virus d iseases of g roundnuts are c o m m o n and c a n 
be serious, but i t has often been diff icult to est imate 
the losses caused by speci f ic d iseases because of 
confus ion about their ident i f icat ion and distr ibut ion. 
Ident i f icat ion has too often been based only upon 
symptoms. At ICRISAT emphas is has been p laced 
on the pur i f icat ion and prec ise character izat ion of 
groundnut v i ruses and on the product ion of ant i -
sera. This research has been a c c o m p a n i e d by f ield 
and sc reenhouse evaluat ion of ge rmp lasm for 
res is tance or to le rance to virus d iseases such as 
bud necrosis, peanut mott le, and peanut c lump. 
Some 7000 genotypes have been sc reened for 
res is tance to bud necros is ( caused by tomato 
spot ted wilt virus), but all were suscept ib le . Wi ld 
Arachis spec ies are now being sc reened , and Ara-
chis chacoense has been found resistant in 
mechan ica l and thr ips inoculat ion tests. A lmost 
500 ge rmp lasm l ines have been sc reened for re-
s is tance to peanut mott le using a f ield mechan ica l 
inoculat ion techn ique. All p roved suscept ib le but 
four l ines showed less than 5% yield loss c o m p a r e d 
with 1 2 - 6 0 % losses f rom in fected plants of other 
l ines. T w o genotypes were found to have no seed 
t ransmiss ion of peanut mott le virus f rom infected 
mother plants. Res is tance breeding using the toler-
ant and the no seed t ransmiss ion genotypes has 
just star ted. Screen ing for res is tance to the so i l -
borne peanut c l ump virus d isease has been in 
progress for several seasons, but wi th conf l ic t ing 
results. These are probably due to virus strains wi th 
d i f fe ren t v i r u l e n c e for d i f fe ren t hos t p lant 
genotypes . 
Rosette d isease is the best known and most 
important virus d isease of groundnut in Afr ica 
south of the Sahara. High- level res is tance to this 
d isease was found in some West Af r ican g e r m -
p lasm, and breeders in Senegal , Nigeria, and 
Malawi have successfu l ly bred rosette resistant 
cul t ivars wi th good agronomic charac te rs (Gib-
bons 1977, Gill ier 1978, Harkness 1977). Rosette 
resistant geno types are be ing used in severa l 
ICRISAT Center breeding programs, and a pro-
g ram to breed for rosette res is tance has now 
started at the ICRISAT Regional Groundnut Pro-
g ram for Southern Afr ica in Malawi . A l though 
groundnut rosette has been known for several 
decades , the v i ruses involved have not been prop-
erly character ized. ICRISAT is now involved in 
coord ina ted internat ional research to resolve this 
problem. Studies are in progress to character ize 
the two v i ruses involved in rosette and to develop 
rel iable ident i f icat ion methods. These c a n then be 
used to clar i fy the si tuat ion in Southeast Asia where 
a " rose t te " d isease has been reported, but indica-
t ions are that the d isease(s) descr ibed are not 
ident ical to Af r ican groundnut rosette. 
The groundnut virus d isease si tuat ion differs 
cons iderab ly be tween Afr ica, the Indian subcont i -
nent, and East Asia. Rosette seems to be conf ined 
to Afr ica, bud necros is is most important in India, 
and wi tches b room (probably caused by a m y c o -
p lasma) is ser ious only in East Asia. Peanut mott le 
is wor ldwide. High priority should be g iven to es tab-
l ishing the identity and distr ibut ion of g roundnut 
d iseases caused by viruses and mycop lasmas . 
The need for immedia te at tent ion being g iven to 
this p rob lem is h ighl ighted by the recent report of 
peanut str ipe virus d isease being in t roduced into 
the USA in seed f rom East As ia (Demsk i et al . 
1984). 
Bacterial Disease 
T h e only important bacter ia l d isease of groundnut 
is the wilt caused by Pseudomonas solanacearum. 
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This d isease i s c o m m o n and ser ious on g round-
nuts in East As ia and has been repor ted f rom South 
Af r ica and the USA, but because i t has not been 
found so far in India, i t has not been invest igated at 
ICRISAT Center. Cooperat ive l inkages wil l have to 
be estab l ished wi th nat ional p rograms in East As ia 
so that ICRISAT ge rmp lasm c a n be sc reened for 
res is tance to this important d isease. 
Pests 
Over 300 insect and mite spec ies have been 
recorded f rom groundnut , but most are of l imited 
distr ibut ion. Y ie ld losses wor ldwide have been 
assessed a t 1 7 % f rom f ield pests and 6 - 1 0 % f rom 
storage pests. No research on storage pests has 
been done at ICRISAT a l though there are indica-
t ions of genet ic res is tance to some important 
insect pests. Research has concen t ra ted on prob-
lems caused by aphids, jassids, thr ips, the t o b a c c o 
caterpi l lar, leafminers, bo l lworms, and termi tes. 
Part icular emphas is has been g iven to research on 
vectors of virus d iseases. 
Surveys 
All major groundnut growing areas of India have 
been surveyed to identify pest prob lems and mea-
sure yield losses. The surveys have shown recent 
shifts in pest inc idence, some insects becoming 
more damag ing , and others less so. The overal l 
t rend is towards inc reased pest damage , and one 
factor that may be responsib le for this is the recent 
increase in cul t ivat ion of irr igated groundnuts in the 
postrainy season. In 1968 there were only four 
important pests of the crop, but in 1984 nine pests 
are cons idered to be of major impor tance (Table 3). 
Leafminers have b e c o m e a ser ious prob lem wher -
ever irr igated groundnuts are cul t ivated on a large 
sca le . T h e value of groundnuts lost by pest d a m a g e 
Table 3. Major field pests of groundnut in India (Rai 
1976). 
1968 
Aphids 
Leafminer 
Hairy caterpillar 
Termite 
1984 
Leafminer 
Thrips (vectors) 
Aphids 
Jassid 
Termite 
White grub 
Thrips (pests) 
Tobacco caterpillar 
Hairy caterpillar 
e a c h year in India is es t imated at U S $ 1 6 0 mil l ion. 
Virus Vectors 
Insect pests may be important because of both the 
direct d a m a g e they do and their role in t ransmis-
sion of v i rus d iseases. For instance, sap suck ing by 
the groundnut aphid, Aphis craccivora, c a n c a u s e 
severe d a m a g e or even death to young plants, 
part icular ly w h e n large populat ions bui ld up dur ing 
early season droughts. However, of m u c h greater 
econom ic impor tance is the spread of peanut mot-
t le virus wor ldwide and groundnut rosette virus in 
Af r ica by these aphids. Similarly, thr ips are more 
important as vectors of tomato spot ted wilt v irus in 
India than they are as direct fo l iage- feeding pests. 
At ICRISAT the entomology research emphas is 
has been to ef fect ively comb ine cul tural pract ices 
and host plant res is tance to deve lop integrated 
pest managemen t systems. 
For managemen t of bud necros is d isease i t was 
necessary to unders tand the ep idemio logy of the 
d isease. Factors in f luencing bui ldup and migrat ion 
of the vector thr ips and assoc ia ted spread of the 
d isease were invest igated. Frankliniella schultzei 
was identi f ied as the major vector. I t was found that 
by: 
• early sowing, 
• c lose plant spac ing, 
• in tercropping groundnuts with pearl millet, and 
• use of the high-yie ld ing virus suscept ib le but 
"f ield res istant" cult ivar Robut 3 3 - 1 , 
the inc idence of bud necrosis d isease cou ld be 
reduced by 90-95%, and yields increased by 15-20 
t imes. A l though Robut 33-1 shows 5 0 - 8 0 % lower 
f ield inc idence of bud necros is d isease than c o m -
monly g rown cul t ivars such as TMV-2 , i t is equal ly 
suscept ib le to the virus. Even lower f ield inc idence 
of the d isease has been recorded for progeny of the 
c ross Robut 33-1 x NC Ac 2214. Th is l ine and 
similarly promis ing l ines have been used in the 
res is tance breeding program. 
Field Pests 
The ef fects of cul tural pract ices on the inc idence of 
other important pests are being studied wi th part ic-
ular at tent ion be ing g iven to the ef fects of inter-
c ropp ing . The high-yie ld ing and mult iple pest -
resistant genotype NC Ac 343 has been used in 
deve lop ing a breeding line with good res is tance to 
thrips, jassids, and termites. 
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Breeding for Pest Resistance 
Breeding for pest res is tance was started in 1980 to 
comb ine res is tance to leaf hoppers, thr ips, and ter-
mites into h igh-y ie ld ing genotypes. An extens ive 
hybridization p rogram was init iated and a large 
number of single and mult ip le c rosses were made 
using NC Ac 2214, NC Ac 2232, NC Ac 2240, NC 
Ac 2242 , NC Ac 2243, NC Ac 2230 , NC Ac 1705, 
NC Ac 343, NC Ac 16940, and NC Ac 785 as 
sources of res is tance to thr ips, leafhoppers, and 
termites. The mater ials f rom these c rosses are in 
different generat ions and are sub jec ted to both 
natural and art i f icial infestat ion under f ield and 
laboratory condi t ions. Thr ips populat ions are 
abundant in rainy and postrainy seasons, and 
material is sc reened in both seasons under natural 
f ield condi t ions. However , the leafhopper popula-
t ion in the postrainy season is very low and sc reen-
ing for res is tance to this insect is done main ly 
dur ing the rainy season. I f natural leafhopper popu-
lations are too low, laboratory bred insects are 
re leased on the test mater ia l to ensure suff icient 
pest pressure. 
Based on the amount of d a m a g e to the leaf at the 
t ime of m a x i m u m infestat ion, progenies resistant or 
tolerant to thr ips and leafhoppers are se lec ted for 
advanc ing . Through repeated test ing and se lec-
t ion, several h igh-y ie ld ing progenies have been 
deve loped wh ich have good res is tance to thr ips 
and leafhoppers (Table 4). T h e segregat ing mate -
rial f rom c rosses using l ines such as NC Ac 343, 
NC Ac 2242, and NC Ac 1705, wh i ch are resistant 
to pod-scar i fy ing termites, was sc reened for ter-
mite res is tance in termi te infested f ields. Some ter-
mite resistant progenies were ident i f ied and further 
tests are in progress to con f i rm their res is tance. 
Observat ions indicate that p resence of t r i -
c h o m e s and th ick leathery a n d waxy leaves were 
assoc ia ted wi th leafhopper res is tance in g round-
nut. T h e gene t i cs o f the dif ferent res is tance m e c h -
an isms is under invest igat ion. 
S ince i t is suspec ted that insect res is tance and 
h igh y ie ld are negat ively cor re la ted, a two-s tage 
breed ing strategy is be ing fo l lowed to o v e r c o m e 
this undes i rab le l inkage. In the first s tage, h igh-
yie ld ing l ines wi th modera te res is tance levels are 
deve loped , then in the s e c o n d stage these l ines are 
in termated to increase the levels of res is tance to 
var ious insects. Intermat ing of ear ly generat ion 
se lect ions made on the basis of pest d a m a g e 
a n d / o r on the basis of morpho log ica l traits such as 
th ick leathery and waxy leaves with or wi thout t r i -
c h o m e s should increase the favorable genes for 
res is tance. 
D r o u g h t 
Drought research is c o n d u c t e d main ly in the post-
rainy season because of lack of water cont ro l in the 
Table 4. Some high yielding pest-resistant breeding lines. 
High-yielding 
pest-resistant 
breeding lines 
Manfredi 68 x NC Ac 343 (F7) 
(Gangapuri x MK 374) x 
(Robut 33-1 x NC Ac 2214) (F7) 
Robut 33-1 x NC Ac 343 (F9) 
28-206 x NC Ac 10247 (F7) 
Robut 33-1 x NC Ac 2 2 1 4 (F7) 
Robut 33-1 (Check) 
NC Ac 343 (Check) 
JL 24 (Check) 
J 11 (Check) 
SE + 
Mean (44 breeding lines) 
CV% 
Pod yield (kg/ha) 
High input 
2 6 0 4 
2583 
2536 
2286 
2286 
2106 
2 0 2 0 
1552 
1627 
10.6 
1836 
11.0 
Low input 
1236 
1212 
1500 
1361 
1360 
1149 
1201 
531 
4 3 0 
10.9 
882 
23.0 
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rainy season . T w o s imul taneous efforts have been 
made in drought research . One has been to 
deve lop a me thod to sc reen ge rmp lasm and b reed-
ers' l ines, and to sc reen as m u c h mater ia l as possi-
ble. The second has concen t ra ted on examin ing in 
detai l the physio logica l responses of g roundnuts to 
drought stress, the fac tors wh ich determine the use 
of water, water use ef f ic iency, and the phys ica l and 
physio logical basis for genet ic d i f ferences in 
drought responses. 
The Physiology Subprogram has coopera ted 
with other groups both wi thin and outs ide ICRISAT. 
These co l laborat ive efforts have been very fruitful 
and have acce le ra ted progress by utilizing an 
expanded resource base to study the prob lem. 
Drought Screening 
Drought sc reen ing began in the 1 9 8 0 / 8 1 postrainy 
season wi th a smal l range of t reatments appl ied to 
80 genotypes. Drought stress was induced at dif-
ferent s tages in c rop deve lopment but only two 
levels of stress were imposed: ful l irr igation for a 
cont ro l t reatment and no irr igation for a dry treat-
ment. Lines with ' to lerance ' to drought were identi-
f ied and the hypothesis that t ime of stress x 
genotype interact ions ex is ted was conf i rmed. Vari-
abil i ty was substant ia l and an unexpec ted aspect 
of drought added a confound ing factor because the 
c rop was irr igated to faci l i tate harvest and one 
repl icate was harvested e a c h day. On the second 
day of l ift ing, pod rots were prominent and on the 
third day most pods had rotted. This observat ion is 
being explo i ted by the pathologists to improve their 
sc reen ing methods for pod rots res is tance. 
Screen ing for drought res is tance has been modi -
f ied to ove rcome this factor. 
In 1 9 8 1 / 8 2 l ine source irr igation was used to 
create six levels of water appl icat ion in e a c h of four 
drought t imings. Drought t imings were se lec ted to 
s imulate the most common l y occur r ing droughts of 
the SAT and see i f genet ic variabil i ty existed in 
responses to them. One set of t reatments repre-
sented var iat ions of m idseason drought , another 
set represented early drought, and a th i rd repres-
ented env i ronments where rainfall is a lways less 
than potent ial evaporat ion. 
L ines f rom this sc reen ing were tested a t A n a n -
tapur, a site in India where drought common l y 
occurs , and two of them were found to be signif i-
cant ly better than the local check cul t ivars (TMV-2 
and Robut 33-1) . In a season wi th no rainfall for 63 
days after sowing and a total dur ing the c rop 's life of 
only 220 m m , y ie lds of 1.15 t / h a were p roduced . 
In 1 9 8 2 / 8 3 a drought screen ing evaluat ion of 25 
l ines se lec ted f rom the previous drought sc reen ing 
used 12 patterns of drought stress, e a c h wi th eight 
intensit ies of stress. These t reatments were 
des igned to examine the genet ic variabi l i ty and 
interact ions of genotypes to mult iple droughts, and 
var iable durat ions and t imings of drought. The trial 
prov ided 96 t reatments differing mainly in the water 
componen t of the env i ronment ( temperature, pho-
toper iod, and most other aspec ts of the env i ron-
ment were constant) . The results of this trial are still 
be ing analyzed but prel iminary analys is ind icates 
that early stress definitely provides adapt ive 
advantages in the event of a second drought at a 
later stage. Long droughts with occas iona l short 
per iods of good water relat ions do not change the 
nature of the basic response to that drought 
pattern. 
L ines have been identif ied f rom these tr ials 
wh i ch have consistent ly y ie lded better under 
drought than other cul t ivars. 
Drought Physiology Studies 
These have been conduc ted to invest igate the 
ef fects of: 
• drought intensity and t ime, 
• plant populat ion on water use and deve lopment 
of drought, and 
• t iming of stress on the drought recovery 
responses. 
Research on the effects of t iming of stress has 
shown that early stress can increase yield by 14-
3 0 % and that for Robut 33-1 late stress has a m u c h 
greater impact on yield than midseason stress. For 
water management and ef f ic iency, irr igation m a n -
agement to wi thhold water early and apply evenly 
def ic ient amounts dur ing pod growth was better 
than utilizing the avai lable water early, leaving no 
irr igation at later stages. 
Invest igat ions of populat ion ef fects on water use 
and the deve lopment of drought st ress have pro-
v ided basic informat ion on the deve lopment of root 
g rowth , leaf area deve lopment , s tomata l resis-
tance , and the interrelat ionship of these factors. 
The detai led compar is ion of different genotypes 
in droughts util ized four cont rast ing genotypes 
identi f ied by drought screen ing. Di f ferences in 
water -use ef f ic iency be tween drought tolerant and 
suscept ib le l ines were demonst ra ted. Major differ-
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e n c e s in reproduct ive deve lopment dur ing and 
after the drought were the reasons for dif ferential 
per formance. 
Nut r ien t Stress 
Biological Nitrogen Fixation 
Al though most cul t ivated soils of the t rop ics 
conta in large populat ions of Rhizobium bacter ia 
capab le of forming nodules wi th g roundnut 
cul t ivars, and a l though the groundnut is an eff ic ient 
f ixer of ni t rogen, there is potent ial to increase 
ni t rogen f ixat ion by manipulat ion of Rhizobium 
strain, host genotype, and env i ronment , as wel l as 
their interact ions. 
Inoculation with Rhizobium 
There are several reports of Rhizobium inoculat ion 
increasing groundnut y ie lds in f ields where the 
c rop had not previously been g rown. In tr ials at 
ICRISAT Center over the past seven years, i nocu -
lation of groundnut geno types wi th a very ef fect ive 
strain of Rhizobium inc reased ni t rogen f ixat ion and 
pod yield when the c rops were g rown in f ields wel l 
popula ted wi th ef fect ive strains of Rhizobium 
(Table 5). T h e Rhizobium strain NC 92 w a s very 
eff icient, part icular ly w h e n in symbios is wi th c u l -
t ivar Robut 3 3 - 1 . Field inoculat ion tr ials at ICRISAT 
Center wi th this strain and cul t ivar inc reased yields 
by 1 8 - 3 4 % whi le a similar trial at Dha rwad in Kar-
nataka State resul ted in a 4 0 % yie ld increase. 
Strain NC 92 was also very ef fect ive in combina t ion 
with several other genotypes. 
Method of inocu lum appl icat ion was important. 
B e c a u s e groundnut seeds are fragi le, d i rect appl i -
cat ion of Rhizobium i nocu lum c a n c a u s e signif i-
cant d a m a g e and actual ly dec rease y ie lds. I t was 
better to apply the inocu lum direct ly to the soil by 
the easy and c h e a p me thod o f mix ing peat con ta in -
ing Rhizobium w i th water and pour ing the mixture 
into the fur row just before sowing the seed. This 
method also ef fect ively reduces incompat ib i l i ty 
p rob lems of Rhizobium i nocu lum and fung ic ide 
seed protectants. An an imal d rawn seed planter 
has been modi f ied for d i rect appl icat ion of Rhizo-
bium inocu lum to the soil . 
Studies of i nocu lum concent ra t ion ind icated that 
a m in imum of 108 rhizobia per seed was needed for 
good nodulat ion. Studies wi th strain NC 92 have 
shown that inoculat ion for a few years may be 
suff ic ient to establ ish a good soil populat ion of a 
des i red Rhizobium strain. Th is work was made pos-
sible by the use of enzyme l inked immunosorben t 
assay (ELISA) for ident i fy ing Rhizobium strains in 
nodules. 
Improving Host Genotypes 
Over the past f ive years many ge rmp lasm lines 
were sc reened for n i t rogen f ix ing ability. In genera l , 
the Spanish types were found to fix less ni t rogen 
than the Virginia types, however, one Spanish line, 
X -14 -4 -B-19 -B , showed high n i t rogenase act iv i ty 
and wil l be used in the breeding program to 
increase the n i t rogen f ixat ion of Spanish types. The 
Virginia l ine, NC Ac 2821 showed high n i t rogenase 
act iv i ty and some progenies of this l ine were high 
y ie ld ing. This suggests that i t may be possib le to 
increase yield potential by incorporat ing high nitro-
gen f ix ing l ines in the breeding program. Inc iden-
Table 5. Summary of responses of cv Robut 33-1 to inoculation with Rhizobium strain NC 92. 
Season trials 
Postrainy (1978/79) 
Rainy (1979) 
Postrainy (1979/80) 
Rainy (1980) 
Postrainy (1980/81) 
Rainy season (Site 1) (1981) 
Rainy season (Site 2) (1981) 
Rainy season (Site 3) (1981) 
Mean 
Pod yield (kg/ha) 
Uninoculated 
3 5 0 0 
8 7 0 
4 2 8 0 
1350 
3210 
2350 
1100 
1530 
2 2 7 4 
Inoculated with NC 92 
4 5 0 0 
1160 
4 4 0 0 
1640 
3 3 0 0 
2 7 6 0 
1160 
2 1 5 0 
2 6 3 4 
SE 
291.2 
24.3 
104.7 
77.4 
78.8 
187.8 
34.5 
176.5 
56.3 
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tally, this l ine also showed high n i t rogenase act ivi ty 
w h e n tes ted in f ie lds in Nor th Carol ina, USA 
(Wynne, J.C. personal commun ica t ion ) . 
Nitrogen Fixation as Affected by 
Agronomic Practices 
In co l laborat ion with the Cropp ing Systems Pro-
g ram the ef fects of in tercropping on nodulat ion and 
n i t rogen f ixat ion of groundnut were studied. 
Groundnut , when in tercropped with ni t rogen ferti l-
ized millet, maize, or so rghum, f ixed less ni t rogen 
than as a sole crop. Th is suggests that high nitro-
gen input on the cerea l componen t reduces the 
advan tage of the n i t rogen f ixat ion abil i ty of 
groundnut . 
Many fa rmers prac t ice deep sowing to make use 
of residual mois ture for germinat ion. This results in 
the deve lopment of an e longated hypocoty l , poor 
nodulat ion, and reduced ni t rogen f ixat ion, espe-
cial ly in Spanish cul t ivars. Most Spanish types lack 
the abil ity to nodulate on the hypocoty l . Hypocoty l 
nodulat ion contr ibutes substant ial ly to the ni t rogen 
f ixat ion of the deep -sown crop. For example , in a 
deep -sown Virginia cult ivar, Kadir i 71 - 1 , hypocoty l 
nodules cont r ibuted around 5 0 % of the n i t rogenase 
activi ty at 70 days after plant ing. Hypocoty l nodula-
t ion in Spanish types cou ld be benef ic ia l where 
deep sowing is pract ised. 
Measurement of Nitrogen Fixation 
Nit rogen f ixat ion was measured by est imat ing 
n i t rogenase act ivi ty assayed by acety lene reduc-
t ion, by n i t rogen ba lance methods using non -
nodulat ing groundnut , and by an isotope di lut ion 
techn ique using 15N labeled fertilizer. 
There is a marked diurnal var iat ion in ni troge-
nase act iv i ty of f ie ld-grown groundnuts . Soil mois-
ture, temperature , and light intensity also in f luence 
ni t rogen f ixat ion. In tercropping has a marked effect 
on groundnut n i t rogen f ixat ion. 
Dur ing the 1978 rainy season some F2 progenies 
in a rust sc reen ing nursery segregated for nonnod -
ulat ion. Some of these have been puri f ied to obtain 
nonnodula t ing l ines. Ni t rogen f ixat ion was esti-
ma ted as the d i f ference in ni t rogen uptake of the 
parental l ines and nonnodulat ing l ines. Values 
ranged f rom 67-145 k g / h a N. T h e nonnodulat ing 
l ine util izes soil n i t rogen poorly, and the y ie ld, even 
w h e n suppl ied wi th 400 k g / h a N, was not equiva l -
ent to that of the nodulat ing c rop g rown wi thout 
n i t rogen fertil izer. 
T h e 'A' va lue method of Fried and Broeshart 
(1975) was used to est imate ni t rogen f ixat ion using 
15N labeled a m m o n i u m sulphate and nonnodulat -
ing groundnut as the nonf ix ing contro l . A maize 
c rop was grown in the previous season to deplete 
and even out soil n i t rogen avai lable for the g round-
nut crop. Est imates of ni t rogen f ixat ion ranged f rom 
153 k g / h a N in Robut 33-1 to 100 k g / h a N in J - 1 1 . 
Calcium Nutrit ion Research 
Calc ium def ic iency is a major l imiting factor for 
groundnut product ion in many parts of the wor ld 
and gypsum appl icat ion has been r e c o m m e n d e d 
for most areas. 
Research was initiated to invest igate reported 
genet ic d i f ferences in ca lc ium uptake 'ef f ic iency' 
of pods of different genotypes. The work c o n c e n -
t rated on the interact ions of drought, gypsum, and 
genotype. 
Consistent and signif icant genotype x drought x 
g y p s u m interact ions were demonst ra ted in a ser ies 
of three exper iments. Gypsum appl ied at 500 
k g / h a increased yields of groundnuts in droughts 
by as m u c h as 3 0 % in se lected genotypes by 
enhanc ing early pod initiation and thus providing 
(or inducing) a drought 'escape ' mechan ism. 
D e v e l o p m e n t o f G e n o t y p e s wi th 
Spec i f ic At t r ibutes 
High Yield and Quality 
As an at tempt to stabil ize product ion over years 
and locat ions, breeding for res is tance to var ious 
constra ints has had the highest priority. But breed-
ing for y ield per se is also important, part icular ly for 
areas without constra ints or where progress ive 
farmers c a n afford inputs such as pest ic ides and 
fungic ides. High-y ie ld ing lines are a lso needed in 
the cons t ra in t -based breeding p rograms and to 
counterac t the rising cul t ivat ion costs . 
A d v a n c e d breeding populat ions are eva lua ted in 
two different seasons at ICRISAT Center. In the 
rainy season they are eva luated under two m a n -
agement levels: high input (60 k g / h a of P2O5 with 
supp lementary irr igation and insect ic idal sprays 
w h e n required) and low input (20 k g / h a P2O5 
rainfed with no insect ic idal sprays), but under h igh 
input only in the postrainy season. Very mi ld se lec-
t ion for y ie ld is p rac t iced in the early generat ions, 
but in later generat ions pod shape and seed size 
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are a lso used as select ion cr i ter ia. Most of the 
mater ia l is bu lked into uni form groups for further 
evaluat ion and select ion by coopera tors in nat ional 
programs. 
Several h igh-y ie ld ing l ines wi th accep tab le pod 
and seed character is t ics and a good shel l ing per-
cen tage have been deve loped. Based on consist -
ently good per formance, 62 l ines have been 
entered in nat ional trials in India. 
In the early years of the program cul t ivars that 
y ie lded wel l in the rainy season did not necessar i ly 
y ie ld wel l in the postrainy season and v ice versa, 
indicat ing a strong genotype x env i ronment inter-
act ion. I t was therefore dec ided to m a k e se lect ions 
in the postrainy season to develop cul t ivars suit-
able for postrainy season irr igated cul t ivat ion. Sev-
eral h igh-y ie ld ing l ines sui table for this purpose 
have now been deve loped. L ines ICGS 30 and 21 
have y ie lded over 6500 k g / h a o f pods, wh ich c o m -
pares wel l wi th the 5500 k g / h a of the c h e c k cul t i -
vars J 11 and Robut 33-1 (Table 6). 
High-y ie ld ing l ines sui table for rainy season use 
have also been deve loped. ICGS 50, 30, and 1 did 
wel l under both low input and h igh input condi t ions 
at ICRISAT Center and several are under test in 
Indian nat ional tr ials. 
The research on qual i ty has concen t ra ted on oil 
content. The oil contents of 35 ICGS lines ranged 
f rom 42 -50%, whi le protein was be tween 22 and 
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33%. Severa l l ines have higher oi l and protein c o n -
tent than the s tandard c h e c k cul t ivars J 11 and 
Robut 3 3 - 1 . 
Earliness and Dormancy 
In the SAT, g rowing seasons c a n be very short 
because rains stop early. Earl iness c o m b i n e d wi th 
good seed size and yie ld wou ld prov ide stable pro-
duc t ion in poor rainfall years. Efforts are in progress 
to identify ear ly -matur ing g roundnuts and to b reed 
for inc reased yields. Use of ear ly -matur ing g round-
nuts increases the probabi l i ty of rain on the c rop at 
or after maturi ty, so it is necessary for ear ly-
matur ing cul t ivars to have f resh seed do rmancy . 
In the initial years of this research two early 
Spanish types (Ch ico and 91176) and a mid-ear ly 
Virginia line (Robut 33-1) were c rossed with other 
h igh-y ie ld ing bunch and runner types. Recent ly L 
No. 95A, TG 1E, and TG 2E were ident i f ied as new 
sources of ear l iness and used extensively in 
c rosses. Several hundred c rosses have y ie lded 
se lect ions for ear l iness and high y ie ld, as wel l as 
l ines wi th uni form plant g rowth habit, maturi ty, and 
pod and seed charac ters . Useful h igh-y ie ld ing 
ear ly -matur ing mater ial has been genera ted . 
Results of a 1982 rainy season trial are presented 
in Tab le 7. Current ly, 63 early progenies are under-
go ing yield test ing in three different tr ials at ICRI-
SAT Center. Twenty new early f lower ing l ines have 
been identi f ied f rom ge rmp lasm and wil l be used in 
the c ross ing program. 
Seed do rmancy has been diff icult to in t roduce 
because of its a lmost comp le te absence f rom 
Spanish bunch types. However , do rmancy sc reen -
ing methods have been evo lved and several ear ly-
matur ing, dormant l ines have been identi f ied f rom 
within populat ions der ived f rom early nondormant 
types c rossed wi th dormant long-season types. 
Photoperiod Studies 
Photoper iod studies have been m a d e possib le by 
G T Z suppor t to the Universi ty of Bonn for co l labo-
rat ion wi th ICRISAT on this aspec t of g roundnut 
physio logy. 
A l though photoper iod ef fects had been dis-
coun ted as a major factor in the adaptat ion of 
groundnuts , the work w a s init iated because phy to-
t ron studies at Nor th Caro l ina State Universi ty 
showed ( in unreal ist ic day lengths) that major 
changes in reproduct ive deve lopment cou ld result 
f r om day length changes . 
Table 6. Performance of some high yielding ICRISAT 
selections during postrainy season trials at ICRISAT 
Center. 
Entry 
ICGS 30 
ICGS 21 
ICGS 26 
ICGS 16 
ICGS 25 
ICGS 23 
ICGS 37 
ICGS 35 
ICGS 44 
J 11 (Check) 
JL 24 (Check) 
Robut 33-1 (Check) 
SE 
CV (%) 
Pod yield (kg/ha) 
1981/82 
6 6 0 0 
6 5 0 0 
6 4 3 0 
6 4 2 0 
6 3 0 0 
6 2 4 0 
6 1 5 0 
6 0 6 0 
6 0 6 0 
5440 
4 7 6 0 
5 4 5 0 
289 
10 
1982 /83 
7340 
7 0 4 0 
6 2 8 0 
6 5 5 0 
6 9 5 0 
6 6 8 0 
7 2 3 0 
6 7 7 0 
6 8 6 0 
5 4 4 0 
3 8 6 0 
6 1 8 0 
297 
10 
The ICRISAT object ive was to establ ish the sig-
n i f icance of photoper iods to groundnut y ie lds 
wi thin day length ranges wh ich occu r in ac tua l 
c ropp ing env i ronments . After prel iminary exper i -
ments to examine the light intensity necessary to 
induce photoper iod ef fects, exper iments were c o n -
duc ted under f ield condi t ions. Six genotypes were 
studied in long days (16 hours), and short days 
(11-12 hours), and large yield changes were 
observed for s o m e cul t ivars. In some cul t ivars yield 
cou ld be dec reased by 5 0 % by long days, whi le in 
others, long days resul ted in slight y ie ld increases. 
At present research is cont inu ing in this f ield in 
order to deve lop a rel iable method of screen ing. 
Ut i l i za t ion of W i l d Arachis 
S p e c i e s 
There are an unknown number of wi ld spec ies of 
Arachis. Those that have been co l lec ted are main-
ta ined in major l iving co l lect ions in Brazil, USA, and 
at ICRISAT. The re are about 100 access ions at 
ICRISAT; s o m e are n a m e d spec ies, others are co l -
lect ions whose identity and taxonomic status are 
not yet known. 
All t hese access ions are sc reened for desi rable 
charac te rs as soon as possib le after re lease f rom 
quarant ine. Emphas is has been p laced on d isease 
res is tance, especia l ly res is tance to leafspots and 
other d iseases where res is tance has not been 
found wi th in A. hypogaea. 
Not all res istances can be transferred. The most 
access ib le genes are those in spec ies closely 
related to A. hypogaea. These species are in the 
sect ion Arachis, and can be c rossed with A. hypo-
gaea by convent iona l means, but the hybr ids prod-
uced are partially or complete ly steri le. Spec ies 
outs ide the sect ion Arachis cannot be c rossed with 
A. hypogaea by convent ional means. Some inter-
sect ional hybr ids have been p roduced in the USA, 
and their potential in br idge c rosses exp lored, but 
wi th no success . All sect ions other than Arachis 
are therefore effect ively isolated f rom A. hypogaea, 
but some access ions have charac ters that are of 
pr ime impor tance in groundnut improvment , such 
as res is tance to viruses. 
The emphas is in cy togenet ics has therefore 
been on three fronts: 
• to ove rcome the prob lems of gene transfer 
assoc ia ted with sterility in sect ion Arachis 
hybrids, 
• to ove rcome intersect ional barr iers, and 
• to deve lop the basic knowledge of the genomic 
const i tut ion of the genus and the relat ionship 
between groundnut and potential gene sources. 
The sterility in c rosses within the sect ion Arachis 
has been successfu l ly ove rcome by ploidy man ip -
ulat ions. The initial hybr ids were tr iploids. C h r o m o -
s o m e d o u b l i n g p r o d u c e d h e x a p l o i d s , bu t 
subsequent backcross ing p roduced an unaccep t -
able range of plant types, many of wh i ch were 
steri le. 
Doubl ing the c h r o m o s o m e number of the wi ld 
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Table 7. Performance of early-maturing groundnut selections, ICRISAT Center, 1982 rainy season. 
Entry 
(Ah 3 3 0 x 91176) F5-B1 
(NC Ac 2748 x Chico) F10B1 
(72-R x Chico) F9B 
(JH 89 x Chico) F9B 
(Chico x NC 344) F5 
Chico1 
J 1 1 2 
JL 24 2 
SE 
CV(%) 
Days to flowering 
18 
22 
23 
23 
19 
20 
27 
27 
0.6 
5 
Days to maturity 
93 
101 
104 
92 
91 
91 
104 
108 
1.4 
3 
Pod yield (kg/ha) 
2440 
2120 
2130 
2000 
1980 
1780 
1920 
2190 
116 
13 
1. Early maturity parent. 
2. National check cultivars. 
spec ies to p roduce autotetraploids or amphip lo ids, 
fo l lowed by cross ing with A. hypogaea at the te t ra-
ploid level, p roduces a wide range of segregants 
with d isease resistance and accep tab le plant 
types. These segregants have ar isen by back-
cross ing select ions with A. hypogaea to al lo-
c h r o m o s o m e segregat ion and meiot ic recomb ina-
t ion to take p lace. The latter is especia l ly important 
for e l iminat ion of undesirable charac ters . Cyto-
genet ic analyses of c h r o m o s o m e comp lemen ts of 
the newest co l lect ions indicate the p resence o-
new genomes in the sect ion Arachis. These 
genomes may not recombine meiot ical ly wi th A. 
hypogaea ch romosomes ( those f rom other sec -
t ions almost certainly will not) and the el iminat ion of 
undesirable charac ters will be impossib le. In the 
meant ime, we have made progress in using some 
wild spec ies as sources of desi rable charac ters , 
and have se lected A. hypogaea-like l ines wi th dis-
ease resistance, accep tab le plant charac ters , and 
good yield. 
Considerable progress has been made in over-
coming barriers to intersect ional hybridizat ion. The 
major advance has been in the use of a s imple 
techn ique to apply growth ho rmones to the f lower 
at pol l ination t ime and at intervals thereafter. Care-
ful at tent ion to concent ra t ion , types, t iming, and 
appl icat ion sequence of ho rmones has enab led 
the deve lopment of ovules, wh i ch wou ld otherwise 
degenerate , to the stage at wh i ch they can be 
successfu l ly t ransferred to in vitro cul ture. 
T issue cul ture techno logy has been appl ied to 
the cul ture of young ovules f rom wide c rosses. 
These grow successfu l ly in cu l ture, and deve lop 
roots and shoots but are diff icult to t ransfer to soil. 
Most cu l tures have been of c rosses be tween sec-
t ions Arachis and Rhizomatosae, but other inter-
sect ional c rosses have a lso been t ransferred to 
cul ture. The current emphas is is to invest igate the 
causes for the diff iculty in t ransferr ing cul tures to 
soil. 
T h e Future 
We hope that over the next few years we c a n 
expand our cooperat ive efforts to Southeast Asia 
and West Afr ica by p lac ing scient ists or coord ina-
tors in these regions. Th is will enab le us to better 
identify mater ia ls adapted to regional geograph ica l 
areas. Mater ia ls deve loped at the ICRISAT Center 
in India will cont inue to be fed into the regional and 
nat ional programs. Whi le m u c h of the mater ial may 
be direct ly useable, other mater ia ls will have to be 
modi f ied by c ross ing wi th local ly adapted mate -
rials. Speci f ic p rob lems will a lso be ident i f ied in the 
regional p rograms where intensive work c a n only 
take p lace in situ because they are locale speci f ic , 
e.g., bacter ia l wilt and w i tches ' b room in Southeast 
As ia. 
Our pol icy of supply ing early generat ion breed-
ing mater ia ls will a lso cont inue. Th is will g ive 
breeders and others the c h a n c e to select adapted 
mater ial and a d v a n c e i t under their o w n agroc l i -
mat ic condi t ions. This pol icy is a l ready succeed ing 
in India. Several cul t ivars w h i c h or ig inated f rom 
ICRISAT c rosses are now being entered by 
nat ional breeders into nat ional or state trials. 
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Discussion on aper on the 
ICRISAT Groundnut Program 
Taylor: Who grows minikit and other evaluat ion 
trials in India? 
M c D o n a l d : Groundnut varietal evaluat ion is 
organized by the All India Coord inated Project on 
Oi lseeds (AICORPO), a centra l government body, 
and trials are conduc ted in different zones of the 
country by State Research Institutes, Agr icu l tura l 
Universit ies, etc. Some A ICORPO trials are car r ied 
out at ICRISAT Center. 
Doto: Does ICRISAT Center offer a faci l i ty for 
identi fying d iseases on plant mater ia ls sent f rom 
countr ies outs ide India? 
McDona ld : No. Plant Quarant ine regulat ions 
prevent us f rom import ing d iseased mater ia ls. 
However, we do make avai lable ant isera for identi-
f icat ion of d isease caused by v i ruses, and i f funds 
were avai lable we cou ld assist other count r ies by 
sending special ist staff to coopera te in d isease 
surveys. We are current ly prepar ing in format ion 
bul let ins on important d iseases. 
Simons: Bud necros is and other d iseases oc c u r 
at the same t ime. How do you arr ive at a f igure for 
yield loss f rom bud necros is and other d iseases 
and how rel iable are the loss est imates? 
M c D o n a l d : The severity of bud necros is d isease 
at ICRISAT Center can vary a great deal f rom 
season- to -season, f rom negl igible to over 70%. 
Accu ra te loss est imates c a n be made by tagg ing 
d iseased plants and measur ing yield f rom heal thy 
and d iseased plants separately. Other d iseases 
show m u c h less seasonal var iat ion, for ins tance 
rust and late leaf spot d iseases regularly cause 
yield losses of a round 7 0 % on suscept ib le cul t ivars 
at ICRISAT Center in the rainy season. 
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A Regional Approach to Groundnut Improvement 
S.N. Nigam and K.R. Bock* 
The International Crops Research Institute for the 
Semi-Ar id Trop ics ( ICRISAT) Regional Groundnut 
Program for Southern Afr ica, establ ished in July 
1982, at Chi tedze Agr icul tural Research Station 
near Li longwe, Malawi and funded by the Interna-
t ional Deve lopment Research Center, Canada, 
b e c a m e effect ively funct ional with the arrival of a 
groundnut breeder in September 1982. Subse-
quent ly a groundnut pathologist jo ined the program 
in December 1983, thus comple t ing the senior 
staff. 
This act ion was taken by ICRISAT in response to 
a 1980 request for such regional ass is tance by 
Heads of State of the nine Southern Af r ican Devel -
o p m e n t C o o r d i n a t i o n C o n f e r e n c e ( S A D C C ) 
member countr ies. 
eral ob ject ives are being pursued with the cooper -
at ion of the nat ional programs in the region: 
• To deve lop and int roduce high-yie ld ing breed-
ing l ines and populat ions adapted to the region's 
different agroeco log ica l zones and conta in ing 
res is tance to the main factors present ly l imit ing 
product ion at the smal l farmer level. 
• To train scient ists f rom the region and thus help 
to establ ish strong nat ional groundnut research 
and development programs in con junc t ion wi th 
ICRISAT scient ists in Hyderabad and other c e n -
ters and programs in the region. 
• To organize workshops and sympos ia to evo lve 
regional research strategies and d isseminate 
up- to-date research information in the region. 
G o a l s a n d Objec t ives 
The goal of the program is to increase groundnut 
product ion, mainly by smal l farmers throughout 
Southern and Eastern Afr ica, part icular ly in S A D C C 
member countr ies. To ach ieve this goal , three g e n -
S A D C C R e g i o n 
The region covered by SADCC member countr ies, 
Angola, Botswana, Lesotho, Malawi , Mozambique, 
Swazi land, Tanzania, Zambia , and Z i m b a b w e is 
very large and diverse. I t l ies be tween the At lant ic 
* Principal Plant Breeder and Plant Pathologist respectively, ICRISAT Regional Groundnut Program for Southern Afr ica, Private 
Bag 63, L i longwe, Malawi. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Summary 
The paper outlines in brief the objectives of the ICRISAT Regional Groundnut Program, describes 
the geographical diversity in the region and summarizes the constraints to increased groundnut 
production. It further discusses the breeding strategy adopted in the program and the results 
obtained so far. 
( 1 1 ° E ) and Indian Oceans ( 4 1 ° E ) and s t re tches 
f rom near the equator to about 3 0 ° S and has a total 
area of 4.9 mil l ion km 2 . The elevat ion of the region 
ranges f rom sea level to mounta ins over 3500 m, 
wi th the major area on a p lateau be tween 900 and 
3000 m. 
A l though 9 5 % of the region is in the t ropics, the 
who le of Lesotho and Swazi land, one third of Bots-
wana and a smal l port ion of Mozambique lie out-
side the t ropics. These di f ferences in locat ion and 
phys iography are ref lected in the w ide range of 
c l imates, soils, and photoper iods found wi th in the 
region. Wel l over 7 5 % of the region is semi -ar id as 
def ined under ICRISAT's mandate . 
G r o u n d n u t P roduc t ion in 
S A D C C M e m b e r C o u n t r i e s 
Groundnut is an important cash and food c rop in 
the region. Table 1 shows the FAO est imates of 
area and product ion of groundnut in the S A D C C 
member countr ies. Malawi and Z imbabwe are the 
biggest producers , but the c rop is not g rown in 
Lesotho. Mozambique a lso has a substant ia l area 
under groundnuts but total product ion is low. 
Tab le 2 g ives the average yie ld of g roundnut in 
SADCC member countr ies. A lmost the ent ire 
groundnut c rop is g rown on smal l fa rms wi th low 
average yields. 
Yields of over 4 t / h a have been g rown on 
research stat ions and large sca le fa rms in the 
region. T h e record groundnut y ie ld (9.6 t / h a ) w a s 
Table 2. Average yield of groundnut (kg/ha) in SADCC 
countries. 
Countries 
Angola 
Botswana 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
SADCC Region 
Africa 
1981 
5 0 0 
395 
7 2 0 
471 
481 
596 
6 0 0 
955 
710 
8 0 4 
North and Central America 2 5 7 3 
1982 
N/A 
N/A 
7 2 0 
471 
N/A 
6 0 4 
6 0 0 
479 
738 
2 6 3 0 
N/A=Figure not available. Source: FAO Production Year Book, 
Volume 35, 1982 and FAO Monthly Bulletin of Statistics. 
1983:6(1). 
repor ted f rom Z imbabwe f rom the cul t ivar Maku lu 
Red g rown on a large farm (Hi ldebrand 1975). 
There is great potent ial for increas ing yie lds and 
total product ion in the region prov ided exist ing c o n -
straints are reduced . 
Const ra in ts to Increased 
G r o u n d n u t P roduc t ion 
Constra ints to groundnut product ion in the region 
have been ident i f ied at all s tages f rom sowing 
Table 1. Area and production figures for groundnuts in SADCC countries. 
Countries 
Angola 
Botswana 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
SADCC Region 
Africa 
Area 
('000 ha) 
1981 
40 
4 
2 5 0 
170 
3 
94 
50 
240 
851 
6 4 7 0 
1982 
N/A 
N/A 
2 5 0 
170 
N/A 
96 
50 
2 4 0 
Production 
(*000 t) 
1981 
20 
2 
180 
80 
1 
56 
30 
239 
608 
5201 
1982 
N/A 
N/A 
180 
80 
N/A 
58 
30 
115 
N / A - Figure not available. Source: FAO Production Yearbook, 1982; FAO Monthly Bulletin of Statistics, 1983 6(1). 
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th rough market ing. The constra ints and their order 
of impor tance vary wi th the countr ies. The major 
const ra in ts to increased product ion in the region 
are: 
• Low soil fertil ity. 
• Poor cul tural pract ices. 
• Nonavai labi l i ty of g o o d quali ty seed. 
• Lack of sui table cul t ivars for dif ferent ag roeco-
logical areas. 
• Lack of labor and draft power. 
• D a m a g e f rom d iseases and insect pests. 
• Drought stress. 
• Low pr ices. 
Of the var ious constra ints l isted, only those 
wh ich fall wi th in the c o m p e t e n c e of the regional 
ICRISAT team are e laborated further. This, how-
ever, does not belitt le the impor tance of other 
constraints. 
Damage from Diseases and Insect Pests 
Disease spect ra vary not only f rom count ry to 
count ry but also within countr ies. For example , 
rosette and early leafspot (Cercospora arachidic-
ola) are important in the centra l region of Malawi , 
whereas in the southern region rust (Puccinia ara-
chidis) and late leafspot (Cercospor id iumpersona-
turn) are important in addi t ion to rosette. 
Of the funga l d iseases, leafspots (early and late), 
rust, w e b b lotch (Phoma arachidicola), pepper spot 
and leaf sco rch (Leptosphaerul ina trifolli), pod rots, 
and Aspergillus flavus are important on a regional 
basis. Recent studies in Tanzania have shown 
37 .6% yield loss caused jointly by rust and leafspot 
and 2 6 . 1 % by rust a lone (Anon 1983). Similarly, at 
Chi tedze Research Station y ie ld increases ranging 
f rom 3 1 - 7 5 % were obta ined in a 1 9 8 2 / 8 3 exper i -
ment on econom ic evaluat ion of fung ic ides for 
contro l of fol iar fungal d iseases. Rust has b e c o m e 
so ser ious in southern Mozambique that i t has 
almost dest royed the groundnut c rop there. 
A m o n g the virus d iseases, groundnut rosette 
virus (GRV) is the most important and is capab le of 
caus ing a lmost 1 0 0 % loss in la te-p lanted c rops 
g rown wi th w ide spac ing. Peanut mott le virus 
(PMV) is another c o m m o n disease, however the 
extent of losses caused by it are not known. 
A m o n g the insect pests, Hi lda (Hilda patruelis), 
aphids, and termites are f requent ly encoun te red 
and somet imes cause ser ious damage to the crop. 
Aph ids also act as vectors for GRV and PMV. Other 
insect pests such as jassids and thr ips c a n also 
occur in ser ious proport ions in some f ields. No 
efforts have been made to quanti fy losses caused 
by these insect pests. 
Lack of Suitable Cultivars 
With the except ion of Malawi and Z imbabwe, the 
varietal p icture in the region is not very encou rag -
ing. Even in these two programs, deve lopment of 
improved shor t -season cult ivars has rece ived little 
attent ion. Disease resistance breeding, wi th the 
except ion of Malawi , has only very recent ly been 
started in the region. The Malawi Program suc-
cessful ly deve loped a rosette resistant cult ivar, 
R G 1 , but did not make much progress in develop-
ing cul t ivars resistant to important foliar fungal 
d iseases. 
Drought Stress 
The impor tance of drought as a factor l imiting 
groundnut product ion varies within the region. In 
Malawi and Zambia, it is less important, but in other 
countr ies uneven rainfall is a major problem. M id -
season droughts of 2-3 weeks are c o m m o n in the 
region. 
Research P r o g r a m 
Because the mandated area of the Regional Pro-
g ram is very large and diverse, so are the prob lems 
assoc ia ted with groundnut product ion. For a 
regional program to funct ion effect ively in coope ra -
t ion wi th nat ional programs, present act iv i t ies are 
concent ra ted on: 
• Breeding for resistance to the d iseases of 
regional impor tance, and 
• Breeding for increased yields, seed quality, and 
earl iness. 
Breeding Strategy 
Breeding strategy depends on the nature of avai l -
able breeding mater ia l and the speci f ic breeding 
object ives. The breeding mater ial is ob ta ined either 
f rom germp lasm l ines and breeding populat ions 
imported f rom ICRISAT Center and other organiza-
t ions, or mater ia l genera ted at the Regional Center. 
In the first season exot ic mater ial undergoes 
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prel iminary evaluat ion either In repl icated trials or 
In observat ional plots. In the first season of eva lua-
t ion or select ion, emphas is is p laced on charac te rs 
such as d isease resistance, seed size, and qual i ty. 
Select ion pressure for yield per se is not kept high. 
This is mainly done to g ive the exot ic mater ia l at 
least a season to " tune i n " to the local condi t ions. 
Exper ience has shown that qui te often exot ic l ines 
improve their per fo rmance under local condi t ions 
as t ime passes. From the second year onwards , 
select ion pressure based on yie ld per se is gener -
ally kept high, a l though the intensity of this pressure 
varies f rom early to advanced generat ions. 
The breeding mater ia l genera ted at the Regional 
Center passes th rough rigid se lect ion pressure for 
yield and other speci f ic charac ters f rom the F2 
generat ion onwards. Somet imes, depend ing upon 
the populat ion size in F2 or F3, it might be sl ightly 
re laxed. 
Most of the t ime the bulk pedigree method is 
fo l lowed to retain enough variabi l i ty in the se lec ted 
populat ions to permit in si tu se lect ion at other loca-
t ions by coopera t ing scient ists. Occas iona l ly 
highly promis ing individual plant se lect ions are 
also made. Qui te often phenotyp ica l ly similar sister 
l ines are bulked. 
Selected populat ions are suppl ied to the nat ional 
programs for further select ion under local cond i -
t ions. A d v a n c e d breeding l ines are inc luded in 
Regional Yie ld Trials for evaluat ion under dif ferent 
a g r o e c o l o g j c a l cond i t i ons . T h e s e t r ia ls a re 
in tended to be kept fairly dynamic and f lexible, 
permit t ing easy delet ion or addi t ion of test entr ies 
for rapid d ispersal of breeding mater ia l . 
Introduction, Evaluation, and 
Documentation of Germplasm 
In t roduct ion or " rese lec t ion" in the in t roduced 
ge rmp lasm has p layed a signi f icant role in the 
deve lopment of new groundnut cul t ivars in the 
region (Hi ldebrand and Smartt 1980). Of the seven 
cult ivars re leased in Z imbabwe, f ive are the result 
of in t roduct ion or of " rese lec t ion" in the in t roduced 
mater ial , as were f ive of the six cul t ivars re leased in 
Malawi . 
1982 /83 Season. In t roducing var ietal improve-
ment either d i rect ly or indirect ly by enr ich ing the 
avai lable variabi l i ty is important. The Regional Pro-
g ram acqu i red new germp lasm f rom the beginning. 
In the 1 9 8 2 / 8 3 c rop season, 488 ge rmp lasm l ines, 
most ly of South Amer i can and Af r ican origin, and 
111 elite parenta l l ines of p roven g o o d comb in ing 
abil i ty and res is tance to d iseases and insect pests 
were eva luated in 6 m long by 60 cm wide unrepl i -
ca ted one- row plots. Nine important cul t ivars of the 
region were inc luded as controls. 
Al l 599 l ines were eva luated for var ious morpho-
logical charac ters , react ion to early leafspot, and 
yield. These l ines have been ass igned ICRISAT 
Groundnut Malawi Numbers ( ICGM) and have 
been documen ted in the Germp lasm Access ion 
Register. Per fo rmance of s o m e of the promis ing 
germp lasm lines and se lec ted contro ls is pre-
sented in Table 3. From the prel iminary evaluat ion i t 
appears that s o m e of the Valencia types (Arachis 
hypogaea subspec ies fastigiata var. fastigiata), 
part icular ly those of South Amer i can or igin, per-
form wel l under Chi tedze condi t ions. With the 
except ion of Z imbabwe, where they are now being 
phased out, i t seems that Valencia types have not 
rece ived the attent ion they deserve. 
Dur ing the first season, Dr. P. Subrahmanyam, 
ICRISAT Center Groundnut Pathologist, was 
seconded to the Regional Program f rom January to 
Apri l 1983 to assist the breeder in evaluat ing the 
ge rmp lasm and breeding mater ia l for d isease re-
s is tance. His observat ions on d isease react ion are 
inc luded in this paper. 
None of the l ines tested showed any apprec iab le 
level of res is tance to early leafspot. Al l of t hem 
were rated 9 on a 1 -9 sca le (1 = no d isease, and 9 = 
extensive d a m a g e to fol iage) with defol iat ion rang-
ing f rom 80 to 1 0 0 % when assessed some 10 days 
before harvest. In some cases of severe defol ia-
t ion, the lesions on the retained leaflets were smal l 
with sparse sporulat ion (Table 4). One such g e r m -
p lasm line was ICGM 189, wh ich was se lec ted 
independent ly on the basis of y ield per fo rmance. 
Some of the l ines [ N C 3033, ICG 6340 (PI 
350680) , ICG 4747 (PI 259747) , and ICG 7882 (PI 
270608) ] reported resistant to ear ly leafspot in the 
USA (Sowel l et al . 1976, Hassan and Beute 1977) 
did not mainta in their res is tance under Chi tedze 
condi t ions. 
The ge rmp lasm lines cou ld not be sc reened for 
rust and late leafspot at Chi tedze because these 
d iseases appeared very late in the season, by 
wh ich t ime early leafspot had a l ready c a u s e d 
severe defol iat ion. 
1983 /84 Season. In the current 1 9 8 3 / 8 4 sea-
son, two plant ings of ge rmp lasm mater ia l have 
been made . 
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Table 3. Performances of some promising germplasm lines compared with selected control cultivars, Chitedze, 
1982 /83 (unreplicated trial). 
ICGM 
No.1 
336 
471 
437 
48 
197 
177 
189 
Control 
Chalimbana 
Mani Pintar 
Egret 
Spancross 
Origin 
Bolivia 
Brazil 
Brazil 
Bolivia 
Brazil 
Brazil 
Zambia 
Bolivia 
Zimbabwe 
USA 
Final 
stand 
34 
32 
39 
41 
30 
35 
34 
33 
35 
23 
4 0 
Pod yield 
(kg/plot) 
1.41 
1.12 
1.09 
1.16 
1.25 
1.13 
1.03 
0.62 
0.90 
1.09 
0.70 
Seed yield 
(kg/plot) 
0.83 
0.83 
0.80 
0.79 
0.78 
0.78 
0.73 
0.38 
0.65 
0.56 
0.48 
100 seed 
weight (g) 
58.3 
34.9 
41.7 
35.0 
36.3 
35.2 
34.4 
75.9 
50.9 
48.2 
29.4 
Cultivar 
group2 
Nambyquarae 
Spanish/ 
Valencia 
Spanish 
Valencia 
Valencia 
Valencia 
Valencia 
Virginia 
Nambyquarae 
Virginia 
Spanish 
1. All the ICGM's and control Spancross took 124 days to mature as compared to the 139 days of the other 3 controls. 
2. As per Gibbons et al. 1972. 
Table 4. Reaction of groundnut genotypes to early leafspot (C. arachidicola), Chitedze, 1982/83. 
Genotypes 
Germplasm 
ICGM 189 
(ICG 5216) 
ICGM 291 
(ICG 8528) 
ICGM 292 
(ICG 8529) 
Breeding populations 
F4 
(NC Ac 17133-RF x TMV2) 
F2-B1-B1 
F7 
(TG 3 x NC Ac 17090) 
F2-B2-B1-B2-B1-B1 
Control Chalimbana 
Defoliation 
(%) 
80 
85 
80 
90 
55 
85 
Components of resistance 
Infection 
frequency 
(lesions/cm2) 
15.1 
19.2 
20.5 
1.2 
2.3 
3.0 
Lesion 
diameter 
(mm) 
2.0 
2.2 
2.5 
9.2 
9.0 
8.5 
Sporulation1 
1.8 
2.0 
1.5 
5.0 
5.0 
5.0 
1. Scored on a 5-point scale where 1 = no speculation and 5 - extensive sporulation. 
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Fif ty-one of the ge rmp lasm l ines se lec ted on the 
basis o f 1 9 8 2 / 8 3 pe r fo rmance a n d 13 cont ro l c u l -
t ivars have been p lanted in an 8 x 8 s imple lat t ice 
des ign wi th 6 m long two - row plots. 
Preliminary Germplasm Evaluation 
Single 6 m rows of 270 ge rmp lasm l ines (108 new 
and 162 old acqu is i t ions of large seed size) a long 
wi th 9 cont ro l cul t ivars have been p lanted in an 
augmen ted plot des ign. 
Breeding for Disease Resistance 
Foliar Fungal Diseases. Of the var ious funga l 
d iseases prevalent in the reg ion, on ly rust a n d ear ly 
and late leafspots meri t our present at tent ion. 
Chi tedze prov ides an ideal locat ion to sc reen for 
ear ly leafspot res is tance, but i t is not sui table to 
sc reen for rust or late leafspot due to their rest r ic ted 
and very late occu r rence . To o v e r c o m e this p rob-
lem and to c o m b i n e res is tance against these path-
ogens, rust- a n d late leafspot- res is tant popula t ions 
der ived f rom stable res is tance sources (Subrah-
m a n y a m et al . 1983) are ob ta ined f rom ICRISAT 
Center in Hyderabad . These populat ions are then 
s c r e e n e d for ear ly leafspot res is tance at Chi tedze. 
T h e major emphas i s in se lec t ion is y ie ld and 
seed qual i ty under severe and uni form d isease 
pressure (art i f ic ial or natural) . Th is shou ld ideal ly 
result in three k inds of se lec ted populat ions: 
• h igh y ie ld and a high res is tance level, 
• h igh y ie ld and a modera te or low level of resis-
tance , and 
• low yield and a very h igh res is tance level. 
The latter popu la t ions usual ly end up in hybr id i -
zat ion b locks, but the other two are a d v a n c e d 
further and eva lua ted in d iverse env i ronments . 
That is the ideal : let us n o w see how far we have 
gone in Malawi . 
1 9 8 2 / 8 3 Season 
Breeding Mater ia l . In the 1 9 8 2 / 8 3 season a 
total of 338 breed ing populat ions (F1-F9 gene ra -
t ions) we re p lanted in vary ing numbers of rows. 
Early leafspot c a u s e d ex tens ive defol iat ion (75-
100%) of all popula t ions excep t one, resul t ing in a 
m a x i m u m d isease sco re of 9 . Only t w o popula t ions, 
one wi th somewha t less defol iat ion and another 
wi th a low infect ion f requency were ident i f ied as 
possess ing any deg ree of res is tance (Table 4). The 
breed ing populat ion, T G 3 x N C A c 17090, t hough 
susta in ing less than average defol iat ion, had large 
les ions wi th ex tens ive sporulat ion. The other p o p u -
lat ion, N C A c 17133-RF x T M V 2, had severe 
defol iat ion and large lesions wi th ex tens ive spo ru -
lat ion, but its in fect ion f requency was low. It is 
hoped that by in tercross ing these populat ions a n d 
ge rmp lasm lines such as I C G M 189, ICGM291 and 
ICGM292 , populat ions wi th high levels of ear ly 
leafspot res is tance c a n be deve loped by c o m b i n -
ing the var ious componen t s of res is tance. 
On the basis o f y ie ld and pod and seed c h a r a c -
ter ist ics 161 bulk se lect ions were made. Of these 
only six were ra ted as g o o d (Table 5) and a fur ther 
27 as average to good . The rest were average or 
be low average. The average and be low ave rage 
se lec t ions we re re ta ined for fur ther eva luat ion at 
Chi tedze a n d other locat ions whe re rust and late 
leafspot are the predominant d iseases. 
Yie ld t r ia l . T w e n t y a d v a n c e d rus t - r es i s t an t 
b reed ing l ines were eva lua ted a long with n ine c o n -
trol cul t ivars. The highest y ie ld was f rom the cont ro l 
cult ivar, Man i Pintar (A hypogaea subspec ies 
hypogaea), wh i ch matu red in 132 days (Table 6). 
A m o n g the breed ing l ines, Nc -F la -14 x Pl 2 5 9 7 4 7 
y ie lded highest, but it was not a s igni f icant ly differ-
ent y ie ld than that f rom Man i Pintar. I t took only 118 
days to mature. Many breed ing l ines, w h e n c o m -
pared wi th Spancross , a cont ro l cul t ivar of s imi lar 
g rowth habit (A. hypogaea subspec ies fastigiata), 
had higher y ie lds but the d i f ferences were not s i g -
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Table 5. Pedigree of six good selections made in the 
Foliar Fungal Disease Resistance Program, Chitedze, 
1982 /83 . 
Generation 
F1 
F4 
F6 
F6 
F8 
Number of 
selections 
1 
1 
2 
1 
1 
Pedigree 
(ICGS 21 x (SM 1 x EC 
7 6 4 4 6 (292)) 
(F2-B2-B1-B2-B1-B1) 
(EC 7 6 4 4 6 (292) x 87 /4 /7 
(2))F2-B1-B1 
(Robut 33 - 1 x NCAc 
17506) F3-B1-B1 
(Starr x NCAc 17090) 
F2-B1-B1-B1-B1 
(HG 1 x NCAc 17090) 
F2-B1-B1-B2-B1-B1-B1 
Germplasm Yield Trial 
nif icant. At Chi tedze, however , the advan tage of 
these rust resistant l ines cou ld not be exp lo i ted fully 
because of the severi ty of early leafspot and the 
very late and rest r ic ted rust occu r rence . Under 
condi t ions of heavy rust a t tack they shou ld signif i-
cant ly outy ie ld Spancross . Four of these breed ing 
l ines, ICGMS Nos. 27, 28, 29, and 30, were further 
pur i f ied and inc luded in the Regional Y ie ld Tr ia ls. 
N e w Crosses. Twen ty - th ree new c rosses were 
made be tween the important cul t ivars of the reg ion 
and l ines resistant to rust and late leafspot. 
1 9 8 3 / 8 4 Season 
Breeding Mater ia l . A total of 274 b reed ing p o p u -
lat ions start ing f rom F1 to F1 1 genera t ions have 
been p lanted in plots of vary ing sizes. They are 
se lect ions m a d e in the 1 9 8 2 / 8 3 season , newly 
acqu i red populat ions f rom ICRISAT Center, 20 
Phoma resistant populat ions ob ta ined f rom Z i m -
babwe, and 23 new F1 hybr ids deve loped at the 
Regional Center. 
Yield Trials. Th ree y ie ld tr ials are current ly be ing 
c o n d u c t e d to eva lua te pe r fo rmance and react ion 
to ear ly leafspot. 
• Interspeci f ic mater ia l y ie ld tr ial. Forty newly 
obta ined interspeci f ic l ines and nine cont ro l cu l -
t ivars are being eva luated. The in terspeci f ic 
l ines have shown high y ie ld potent ia l and h igh 
levels of res is tance to rust and late leafspot 
under Indian condi t ions. 
Rust y ie ld trial ( F 6 - F 1 1 generat ions) . Sixteen 
newly ob ta ined populat ions are be ing eva lua ted 
a long wi th four cont ro l cul t ivars. 
Rust y ie ld tr ial. A total of 18 entr ies f rom the 
1 9 8 2 / 8 3 y ie ld tr ial and se lec ted breed ing p o p u -
lat ions are being eva lua ted wi th seven cont ro l 
cul t ivars. 
Virus Diseases 
Groundnu t rosette is the most devasta t ing v i rus 
d isease in the reg ion. The Malawi nat ional p rog ram 
has success fu l l y deve loped and re leased a resis-
tant cult ivar, R G 1 . There are many more breed ing 
l ines in the pipel ine. However , all of t hese are of 
long durat ion and be long to the subspec ies hypo-
gaea. No efforts have been m a d e to incorpora te 
roset te res is tance into the shor t - season cu l t ivars 
be long ing to the subspec ies fastigiata. T h e 
regional p rogram intends to deve lop sho r t - season 
roset te resistant cul t ivars and to incorpora te resis-
t ance to the important fol iar funga l d iseases . Suc-
cessfu l sc reen ing for roset te res is tance at 
Chi tedze c a n be carr ied out by p lant ing d isease 
nurser ies late in the season . 
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Table 6. Performance of some of the high-yielding breeding lines and control cultivars in the Rust Yield Trial, 
Chitedze, 1982 /83 . 
Identity 
Mani Pintar 
(NC - Fla - 14 x PI 259747) 
(TC x EC 76446 (292)) 
(NCAc 2 1 9 0 x NCAc 17090) 
(Florigiant x NCAc 1 7090) 
Spancross3 
NCAc 17090 4 
Chalimbana3 
SE 
CV (%) 
Branching 
pattern 
A1 
S2 
S 
S 
S 
S 
S 
A 
Days to 
maturity 
132 
118 
118 
118 
118 
118 
118 
137 
Yield 
(kg/ha) 
2 9 3 9 
2596 
2471 
2 4 0 8 
2323 
2 2 5 4 
1902 
1565 
131 
12.5 
Shelling 
(%) 
72 
75 
71 
63 
62 
75 
68 
68 
100 seed 
weight (g) 
51.3 
26.7 
35.9 
40.7 
31.2 
30.0 
37.0 
82.3 
1. Alternate branching (A. hypogaea subspecies hypogaea var. hypogaea). 
2. Sequential branching (A. hypogaea, subspecies fastigiata), 
3. Control cultivar. 
4. Control, rust resistant parent. 
1 9 8 2 / 8 3 Season 
Rosette Screen ing . I n the 1 9 8 2 / 8 3 season 3 0 0 
a d v a n c e d in terspec i f ic l ines w e r e s c r e e n e d for 
roset te res is tance by p lant ing t h e m late in January . 
A total of 48 se lect ions, most ly s ingle p lants , w e r e 
m a d e wh i ch d id not have typ ica l roset te symp toms . 
West Afr ican g e r m p l a s m . Res is tance o f the 
West A f r i can g e r m p l a s m l ines s u c h as RMP 40 , 
48 -37 , 48 -36 , a n d 48 -21 w a s recon f i rmed under 
f ie ld cond i t ions in Malawi . 
F1 Crosses. Seven ty -one n e w F1 c rosses w e r e 
m a d e for roset te and mul t ip le d i sease res is tance. 
1 9 8 3 / 8 4 Season 
Plant Select ions. Forty-e ight p lant se lec t ions 
we re s o w n a t the norma l t ime for s e e d increase. 
S o m e o f t h e m have a l ready g o n e d o w n wi th 
rosette. 
F1 Crosses. Seven ty -one F1 c rosses w e r e 
p lan ted in the f ie ld. They are be ing regular ly 
sp rayed against aph ids to avo id roset te. 
Roset te resistance. A 6 x 6 dial lel (48 -36 , RMP 
40, a n d RG1 as resistant parents and JL 24 , I C G M 
48, and Man i Pintar as suscept ib le parents) for 
s tudy ing inher i tance of roset te res is tance has been 
comp le ted in the f ie ld hybr id izat ion b lock. 
Breeding for Increased Yield, Seed 
Qual i ty and Earliness 
D e v e l o p m e n t o f e a r l y - m a t u r i n g h i g h - y i e l d i n g 
breed ing l ines wi th g o o d seed qual i ty is an impor -
tant act iv i ty of the p rog ram. T h e s e l ines do not 
possess d isease res is tance a n d are in tended pr in-
c ipal ly for a reas w h e r e s o m e o f the d iseases m a y 
not o c c u r or cou ld be con ta ined by other means . 
However , s i nce these l ines a re se lec ted a n d eva lu -
a ted under nonpro tec ted cond i t ions , they appar -
ent ly have the abi l i ty to y ie ld wel l under d i sease 
pressure wi thout possess ing any obv ious d isease 
resistant charac ter is t ics . These l ines are a lso use -
ful parents ! mater ia l to use in d i sease res is tance 
programs. 
1 9 8 2 / 8 3 Season 
B r e e d i n g m a t e r i a l . S o m e 6 4 5 p o p u l a t i o n s 
represent ing F1 to F10 genera t ions we re g rown in 
vary ing plot s izes under nonpro tec ted cond i t ions. 
Days t o 7 5 % f lower ing ranged f rom 2 1 - 3 5 a n d t o 
matur i ty f rom 108-138 . Al l t he popula t ions we re 
highly suscept ib le to ear ly leafspot. Se lec t ions 
were m a d e visual ly on the basis o f y ie ld a n d pod 
a n d seed charac ter is t ics , a n d 2 1 9 popu la t ions 
were re jec ted. Of the remain ing 4 2 6 popula t ions, 
443 se lect ions, most ly bulks, were made . A tota l of 
58 g o o d se lec t ions we re ident i f ied. Th ree o f these 
se lect ions, I C G M S Nos. 3 1 , 32 a n d 47, w e r e 
inc luded in the Regional Y ie ld Tr ials. Var ious s ta-
t ion tr ials a lso inc luded 102 other se lec t ions wi th 
g o o d o r ave rage per fo rmance . T h e remain ing we re 
rep lanted for fur ther se lect ion. 
Y i e l d t r i a l s . Seven y ie ld tr ials wi th entr ies rang-
ing f rom 19-64 were p lan ted in appropr ia te exper i -
menta l des igns . T h e m e a n y ie ld o f tr ials var ied f rom 
1710 -2277 k g / h a . The cont ro l cu l t ivar Man i Pintar, 
wherever i t w a s inc luded, genera l ly pe r fo rmed the 
best, a n d f ew l ines e x c e e d e d its y ie ld. However , 
Cha l imbana , the predominant con fec t ionary cu l -
t ivar of Ma lawi , d id not fare wel l in any of the tr ials. 
Tab les 7 and 8 g ive the pe r fo rmance of s o m e of the 
b reed ing l ines v is -a-v is the h ighest y ie ld ing cont ro l 
cul t ivar o f the s a m e botan ica l type. 
Of the 2 2 6 test entr ies 121 were reta ined 
b e c a u s e they per fo rmed as wel l o r better than the 
cont ro l cul t ivars of simi lar botan ica l types. I C G M S 
numbers we re ass igned to 37 h igh-y ie ld ing b reed -
ing l ines w h i c h were inc luded in the Regional Y ie ld 
Trials. The remain ing entr ies we re inc luded in var-
ious stat ion tr ials acco rd i ng to their bo tan ica l types. 
F1 crosses. N inety- th ree F1 c rosses were m a d e 
a m o n g the impor tant h igh-y ie ld ing cul t ivars o f the 
reg ion a n d exot ic mater ia l o f g o o d comb in i ng 
abil i ty. 
1 9 8 3 / 8 4 Season 
Breeding mater ia l . In addi t ion to the 93 F1 
c rosses , 547 popula t ions (F2 to F1 1 ) we re p lan ted in 
the f ie ld in vary ing plot sizes under nonpro tec ted 
condi t ions. T h e s e inc lude 117 newly acqu i red p o p -
ulat ions, m a n y of w h i c h inc lude Af r i can cu l t ivars in 
thei r parentage. 
Yield trials. N ine y ie ld tr ials wi th entr ies rang ing 
f rom 16-64 are be ing c o n d u c t e d in appropr ia te 
exper imenta l des igns. These inc lude t w o Regiona l 
Y ie ld Tr ia ls, one e a c h for Spanish a n d Virginia 
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Table 7. Performance of some of the selected entries in various yield trials, Chitedze, 1982 /83 . 
Trial 
Early 
Population 
High yield 
and quality 
F9. (S.B.) 
Identity 
(JH 89 x Chico) F2-B1-
B1-N1B1-B2-B1-B1-B1 
Malimba1 
SE 
CV(%) 
JL 2 4 
(Tifspan x 
Robut 33-1) 
F2-E-B1-B1-
B1-B1-B1-B1-B1 
Malimba 1 
SE 
CV(%) 
Yield (kg/ha) 
Unadjusted 
2 7 7 5 
2 4 6 3 
189 
18 
2 3 8 9 
2 3 4 5 
2 1 1 3 
106 
10 
Adjusted 
2 3 6 8 
2 3 3 6 
2 1 0 4 
Shelling 
(%) 
77 
75 
74 
72 
65 
100 seed 
weight (g) 
32.1 
32.7 
40.6 
38.3 
32.2 
1. Control cultivar belonging to subspecies fastigiata cultivar vulgaris. 
Table 8. Performance of some of the selected entries in various yield trials, Chitedze, 1982 /83 . 
Trial 
HYQF 10 
(VB) 
HYQF 11 
Identity 
(Robut 33-1 x NCAc 316) 
F2-B1-B1-B1-B1-B2-B1-B1-B1 
Mani Pintar2 
SE 
CV(%) 
(USA 2 0 x TMV 10) 
F2-P3-B1-B1-B1-B1-B1-B1-B1-B1 
RG 1 
JL 2 4 
Spancross1 
SE 
CV(%) 
Yield (kg/ha) 
Unadjusted 
3 3 8 2 
2852 
267 
25 
3 4 5 6 
2 2 3 6 
2 6 0 6 
2 3 4 5 
120 
12 
Adjusted 
3 3 0 2 
2 7 8 8 
3 3 9 3 
2116 
2 5 7 2 
2 2 5 2 
Shelling 
(%) 
72 
72 
73 
66 
74 
71 
100 seed 
weight (g) 
41.6 
51.0 
64.0 
46.2 
36.3 
29.2 
1. Control cultivar belonging to subspecies hypogaea cultivar hypogaea. 
2. Control cultivar belonging to subspecies fastigiata cultivar vulgaris. 
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b u n c h groups , an F2 y ie ld tr ial a n d an F2 l ine x tester 
y ie ld tr ial . 
A set of 54 c rosses be tween six re leased cu l t i -
vars o f the reg ion a n d n ine h igh-y ie ld ing exot ic 
cul t ivars has been c o m p l e t e d in t he f ie ld hybr id iza-
t ion b lock. 
L o o k i n g A h e a d 
No major shif ts in t he p rogram's goa l and ob jec -
t ives a re s e e n in the near fu ture. However , act iv i t ies 
wil l be intensi f ied in these a reas : 
G e r m plasm Acquis i t ion. Sources o f rose t te -
and d rough t - res is tance f rom Senega l and Burk ina 
Faso ( former ly Upper Volta), ear ly leafspot resis-
tant sou rces f rom the USA and Z i m b a b w e , and 
other p romis ing l ines f rom the reg ion wil l be 
acqu i red . 
Crosses. Mo re n e w c rosses wil l be a t tempted as 
worke rs ' hybr id izat ion exper t ise improves. Th is wil l 
cons iderab ly inc rease the propor t ion of self-
gene ra ted breed ing mater ia l in the p rogram. 
Disease Resistance. Search for s table sou rces 
of res is tance to ear ly leafspot wil l be intensi f ied. 
Deve lopment of b reed ing populat ions wi th mul t ip le 
d isease res is tance wil l con t inue to rece ive our 
p r ime at tent ion. 
Regional Tests. Wi th the coopera t ion of nat ional 
p rograms, the regional ne twork of test ing for y ie ld 
and d isease react ion wil l be further s t reng thened. 
Nat ional p rog rams wil l be e n c o u r a g e d to m a k e 
more use of the breed ing mater ia l genera ted at the 
Regional Center . 
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Discussion on Paper on a 
Regional Approach to Groundnut Improvement 
Gausi : A re you look ing for ver t ical or hor izontal 
res is tance in your breed ing for res is tance to 
d iseases? 
N i g a m : I t depends upon the d isease in quest ion . 
In the case of rosette virus d isease it is ver t ica l 
res is tance whereas for the foliar d iseases i t is 
horizontal res is tance. 
Edje: What is the re levance of b reed ing for eas i -
ness for Malawi cond i t ions g iven that the cul t ivar 
Cha l imbana c a n attain matur i ty under the exist ing 
cond i t ions? 
N i g a m : In s o m e areas of Ma lawi and in other 
count r ies of the region the g row ing season is 110-
120 days . Cha l imbana takes 140 -150 days to 
reach matur i ty in Malawi . Th is just i f ies breed ing for 
ear l iness. 
Pasley: What are the c h a n c e s of b reed ing h igh -
y ie ld ing cul t ivars g iven that there are at least f ive 
d iseases reduc ing y ie ld? 
N i g a m : Work at ICRISAT Center has shown that 
i t is possib le to comb ine mult ip le d isease resis-
t a n c e wi th h igh yield. There are severa l l ines wi th 
modera te res is tance to late leaf spot, rust, and 
rosette. 
Chiteka: I t is known that there are two types of 
g roundnut rosette, ch lorot ic rosette, and g reen 
rosette. Wh i ch of these is most prevalent in 
Malawi? Is the inher i tance of res is tance similar for 
both types? 
N i g a m : Chlorot ic rosette is p redominant in 
Malawi . The inher i tance of res is tance to the two 
types of rosette is not known . 
Bock: There are a few isolated areas where 
g reen roset te occu rs but by and large the ch lorot ic 
rosette is predominant . 
R a m a n a i a h : Rose t t e res i s tan t c u l t i v a r s a re 
needed for Mozambique . 
Monjana: Groundnut rust is a p rob lem on 
research stat ions in Mozamb ique but not on 
fa rmers ' g roundnuts in norma l years. 
N i g a m : I have seen severe rust d a m a g e on 
c rops near Maputo. 
S a n d h u : Some of the ICG lines have res is tance 
to rust and late leaf spot but they are of a di f ferent 
botanica l type f rom the agronomica l l y accep tab le 
cul t ivars c o m m o n l y g rown . What are the possib i l i -
t ies for success fu l t ransfer of the res is tance ac ross 
the botan ica l t ypes? 
N i g a m : The t ransfer o f res is tances f rom fast ig i -
ata to hypogaea and v ice versa is poss ib le but i t is 
easier i f both parents be long to the s a m e botan ica l 
groups. 
Amin : You seem to have based your conc lus ion 
that rust is important in Mozambique on one visit, is 
this suf f ic ient? 
N i g a m : More visits are needed to estab l ish the 
impor tance of rust and other d iseases in 
Mozambique. 
Doto: What cr i ter ia are used in se lect ing 
d isease-res is tant mater ia l f rom ICRISAT Center for 
use in your Regional Program? 
N i g a m : Many fac tors are cons idered in the 
cho i ce of mater ia l . Specia l cons idera t ion is g iven to 
the f indings of Hi ldebrand and his coworke rs in 
Z imbabwe that Bol iv ian groundnut ge rmp lasm is 
wel l adap ted to the Central A f r ica region. 
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Country Reports 

Summary 
This paper provides some information on the climate of Botswana and on the position of groundnuts 
in the agriculture of the country. 
Groundnut Production in Botswana 
A. Mayeux* 
Bo tswana lies be tween lat i tudes 1 7 ° and 2 7 ° S and 
has a semi -a r id c l imate wi th ave rage annua l rain-
fal l rang ing f rom 600 mm in the nor theast to less 
than 2 0 0 mm in the southwest . Rainfal l f igures for 
f ive reg ions are shown for th ree probabi l i ty levels in 
Tab le 1. Most of the rain fal ls in the s u m m e r mon ths 
(Oct -Apr ) . For the ma in arable areas the annua l 
rainfal l var ies f rom 350 - 550 m m , but the var iat ion is 
very h igh. I t has been es t imated that the potent ia l 
evapora t ion of f reely wa te red c rops is 1400 mm per 
a n n u m wi th dai ly m a x i m u m of 5.5 m m . 
T h e cul t ivat ion of g roundnuts in Bo tswana is 
smal l in compar i son wi th that of cerea l c rops 
(so rghum, maize, mil let) and beans. Areas of 
important c rops harvested and p roduc t ion f igures 
are g iven in Tab le 2. More deta i led data on tradi-
t ional g roundnut cul t ivat ion and product ion are 
g iven in Tab le 3. Tradi t ional fa rm yields are gener-
ally very low. There has been a l imited c o m m e r c i a l 
p roduc t ion of g roundnut wi th 25, 20 and 10 fa rms 
being invo lved in the 1980 ,1981 and 1982 seasons 
respect ive ly . Commerc i a l fa rm yie lds are a lso low 
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Table 2. Areas harvested and total production of important crops in Botswana, 1980-82. 
Crops 
Sorghum 
Maize 
Millet 
Pulses 
Sunflower 
Groundnut 
1980 
Area 
('000 ha) 
130.4 
46.5 
14.3 
12.6 
6.7 
3.8 
Production 
('000 t) 
29.1 
11.6 
2.3 
1.8 
1.4 
1.4 
1981 
Area 
('000 ha) 
122.4 
59.3 
12.7 
14.7 
2.9 
4.3 
Production 
('000 t) 
28.3 
21.4 
1.9 
2.7 
1.2 
2.0 
1982 
Area 
('000 ha) 
37.3 
23.9 
3.4 
3.6 
1.9 
0.7 
Production 
('000 t) 
3.9 
12.4 
0.5 
0.5 
0.7 
0.5 
Average 
Area 
('000 ha) 
96.7 
43.2 
10.1 
10.3 
3.8 
2 9 
Production 
('000 t) 
20.0 
15.1 
1.5 
1.7 
1.1 
1.3 
* Groundnu t Off icer, Department of Agr icu l tura l Research, Private Bag 0033, Gaborone. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Trop ics . 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
Table 1. Annual rainfall totals for different regions of 
Botswana. 
Region 
Gabarone 
Central 
Francistown 
Maun 
Western 
Annual rainfall (mm) 
75% 
214.5 
344.6 
318.5 
345.0 
304.0 
Probability 
50% 
453.1 
523.4 
453.2 
473.9 
432.5 
25% 
612.6 
663.1 
562.1 
580.2 
536.7 
Table 3. Groundnut cultivation and production in traditional farming in Botswana 1980 -1982 . 
Region 
Southern 
Gaborone 
Central 
Francistown 
Maun 
No. of groundnut farms 
1980 
2 0 0 
100 
1000 
1000 
2 0 0 
1981 
5 0 0 
4 0 0 
3 0 0 
1700 
-
1982 
1000 
4 0 0 
8 0 0 
2 2 0 0 
100 
Area of groundnut 
harvested 
1980 
0.2 
0.1 
0.8 
0.3 
1981 
0.7 
0.1 
0.6 
0.3 
1982 
0.3 
0.1 
0.1 
Production 
(t) 
1980 
50 
15 
56 
42 
1981 
4 4 0 
25 
120 
70 
1982 
75 
5 
30 
Average yield (kg/ha) 
1980 1981 
2 5 0 
150 
70 
140 
629 
2 5 0 
2 0 0 
233 
1982 
2 5 0 
50 
3 0 0 
a t 5 0 8 - 5 3 3 k g / h a for the 1980 -1982 per iod. A t ten-
t ion shou ld be g iven to improv ing a g r o n o m i c pract i -
c e s and to se lec t ing cul t ivars su i ted to Bo tswana 
cond i t ions . 
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Groundnuts , Arachis hypogaea L, have been 
g rown in Malawi s ince the middle of the 19th c e n -
tury. The c rop is Malawi 's four th most important 
expor t c rop after t obacco , sugar, and tea. G round -
nuts a lso supply about half the count ry 's edib le oil. 
The c rop is part icular ly important in smal lho lder 
agr icu l ture. Groundnuts cont r ibute s igni f icant ly to 
the diet and prov ide be tween a third and a four th of 
smal lho lder c a s h income. 
Groundnu ts are expor ted as con fec t ionary nuts 
at a year ly average of 1 3 0 0 0 1 (1978-83 average) . 
Groundnu t p roduc t ion has dec l i ned s ince the late 
1960s due to a comb ina t ion of factors . 
Farmers average y ie lds are very low (500-700 
k g / h a ) as c o m p a r e d to over 3000 k g / h a a t 
research stat ions. I t remains the pol icy of the 
Gove rnmen t to inc rease yie ld and qual i ty of the 
c rop as rapidly as possib le. 
The Groundnu t Improvement Program in Malawi 
s tar ted early in the 1960s under the Gra in L e g u m e 
Unit of the Agr icu l tura l Research Counc i l of Cent ra l 
Af r ica. T h e two ma in p rob lems under invest igat ion 
were roset te virus d isease and c e r c o s p o r a leaf-
spots o f g roundnuts . T h e ob jec t ive was the p roduc -
t ion of d isease-res is tant or i m m u n e strains of 
g roundnu ts th rough breed ing, and f ind ing ways of 
reduc ing the d isease inc idence by us ing var ious 
chem ica l s in order to cont ro l the d iseases. 
C o n s t r a i n t s that L imi t G r o u n d n u t 
Y ie lds a n d P r o d u c t i o n 
I t is conce i vab le that some of the fac tors wh i ch limit 
g roundnut y ie lds and product ion today are of long 
s tanding occu r rence , a l though more is now known 
about what shou ld be done to g row a g o o d c rop of 
g roundnuts . But aga in , new prob lems are be ing 
born all the t ime. 
Previously, lack of improved cul t ivars was 
a m o n g the const ra in ts , but now good improved 
cul t ivars have been deve loped and re leased to 
fa rmers . Poor c rop husbandry has been a major 
l imit ing factor. 
There are four ma in cul t ivars r e c o m m e n d e d and 
g rown in Malawi . Cha l imbana , a large, p ink-
seeded , l ong-season (140-150 days) cul t ivar of 
runner habit is r e c o m m e n d e d for al t i tudes of 1000 -
1500 m. Cha l imbana fo rms the basis of the con fec -
t ionary export t rade. It has a y ie ld potent ia l of over 
4000 k g / h a . Man i Pintar has med ium-s ized red and 
whi te var iegated seeds, is of m e d i u m - to long-
season (130 -140 days) , and has a spread ing 
b u n c h habit. It is r e c o m m e n d e d for al t i tudes of 
500 - 750 m and has a yield potent ia l of over 3000 
k g / h a . Ma l imba has smal l seeds wi th light tan tes -
tas and a Spanish bunch g rowth habit. It is short 
* Plant Pathologist , Chi tedze Agr icu l tura l Research Stat ion, P.O. Box 158, L i longwe, Malawi . 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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This paper discusses the importance of groundnuts in Malawi, the average and potential yields, and 
the constraints that limit the groundnut yields in the country. It reviews both past and current 
research work aimed at improving the yields and quality of groundnuts in the country. 
Groundnut Improvement in Malawi 
Patricia Ngwira* 
Summary 
season (110 -120 days) and r e c o m m e n d e d for alti-
tudes of 2 0 0 - 3 0 0 m. RG1 is a l ong -season (130-
140 days) spread ing b u n c h cul t ivar wi th med ium 
large russe t -b rown seeds. I t w a s bred by the Gra in 
L e g u m e Unit of the Agr icu l tura l Research Counc i l 
of Cent ra l Af r ica, is resistant to rosette, and is 
r e c o m m e n d e d in areas where roset te is very 
ser ious. It has a lower yield potent ia l than ei ther 
Cha l imbana or Man i Pintar. 
Even though these four cu l t ivars are improved 
fo rms wi th very high y ie ld potent ia ls, they genera l ly 
g ive only low y ie lds (500-700 k g / h a ) w h e n g rown 
by farmers . T h e reasons for these low ave rage 
y ie lds inc lude droughts , unrel iable rainfal l , poor 
c rop managemen t , a t tacks by pests and d iseases, 
and the low c a l c i u m content o f s o m e soi ls. 
Pests and d iseases are major const ra in ts l imit ing 
g roundnu t y ie lds in the count ry . Pests of g round -
nuts inc lude termi tes, whi te grubs, Aphis cracci-
vora (wh ich is more impor tant as a vec tor of rosette 
d isease than a di rect d a m a g e pest), aph ids, thr ips, 
jass ids ( d a m a g e not yet eva luated) , and Hilda 
patruelis wh i ch is said to be responsib le for the 
g roundnut d isease k n o w n as 's low wilt'. 
Fungal d iseases of g roundnu ts in Ma law i inc lude 
early leafspot, late leafspot, rust, Phoma leafspot, 
Lep tosphaeru l ina s c o r c h and pepper spots, 's low 
wilt ' due to Fusarium and Hilda patruelis, pod and 
col lar rot due to Aspergillus niger, and s tem rot and 
leaf blight due to Sclerotium rolfsii. Several v irus 
d iseases have been ident i f ied inc lud ing those 
c a u s e d by g roundnut roset te v i rus (GRV), peanut 
mott le v i rus (PMV), tomato spot ted wilt v i rus 
(TSWV), and c o w p e a mi ld mot t le virus (CMMV) . Of 
all t hese d iseases the most economica l l y impor tant 
are roset te and ear ly leafspot. T h e s e two d iseases 
a re p r e s e n t t h r o u g h o u t M a l a w i ' s g r o u n d n u t 
reg ions, and are part icular ly devasta t ing in the 
Centra l Region where the bulk of the c rop is pro-
d u c e d (Ngwi ra et al. 1983). Rust and la te- leafspot 
d iseases o c c u r towards matur i ty o f the c rop and 
are not ser ious in the Cent ra l Region but are 
ex t remely impor tant in the Southern , Nor thern , and 
Lake Shore areas of the count ry . 'Slow wilt ' c a u s e d 
by Fusarium and Hilda patruelis has b e c o m e 
ex t remely impor tant in s o m e areas over the past 
two years . 
T h e four cu l t ivars g rown in the coun t ry differ in 
their d isease suscept ib i l i ty . Cha l imbana , Ma l imba , 
and Man i Pintar are suscept ib le to all the d iseases, 
whi le RG1 is resistant to roset te but suscept ib le to 
all the other d i seases men t ioned . 
W i t c h w e e d , Alectra sp., a parasi t ic f lower ing 
plant, is b e c o m i n g an important p rob lem. I t may be 
cont ro l led to a l imi ted extent by hand pul l ing but this 
is labor demand ing and t ime consum ing . 
T h e s tandard me thods of in t roduct ion, se lect ion, 
and breed ing have been used for var ietal improve-
ment. In t roduct ion f rom outs ide has been an ef fec-
t ive tool . Th ree of the r e c o m m e n d e d cul t ivars have 
been in t roduced f rom outs ide: Cha l imbana f rom 
Zamb ia , Mani P i n ta r f r om Bol ivia th rough Austra l ia 
and then Zamb ia , and Ma l imba f rom the Gamb ia . 
There is no doubt that this tool will con t inue to play 
an important role in the future. 
Breeding for Resistance 
B e c a u s e the three cu l t ivars men t ioned above are 
suscept ib le to all the impor tant d iseases, a b reed-
ing p rogram to c o m b i n e des i rab le charac ter is t i cs 
into one cul t ivar was necessary . RG1 was the 
result of efforts to breed a roset te resistant cult ivar. 
The rosette res is tance for this cul t ivar was 
obta ined f rom Cult ivar No. 48 -14 , w h i c h is highly 
resistant to rosette virus. B e c a u s e RG1 is smal l 
seeded , breeders worked to incorpora te rosette 
res is tance into the exist ing Malawi g roundnut cu l -
t ivars. Th is involved back c ross ing / i n te r c ross ing 
the h igh-y ie ld ing but suscept ib le Ma law i g roundnu t 
cu l t ivars a n d other cu l t ivars repor ted to car ry resis-
t ance to roset te. Th is p rog ram w a s success fu l and 
severa l roset te resistant cu l t ivars have been pro-
d u c e d . These are now be ing tes ted all over the 
count ry , espec ia l ly in the a reas whe re roset te is 
most ser ious. 
Breed ing for ce r cospo ra res is tance has not 
been d o n e b e c a u s e there are no res is tance sour-
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G r o u n d n u t B r e e d i n g 
V a r i e t a l I m p r o v e m e n t 
G r o u n d n u t I m p r o v e m e n t 
in M a l a w i 
The groundnut improvement p rog ram is a imed at 
f inding ways to inc rease y ie lds and improve 
groundnut qual i ty. To ach ieve this ob jec t ive a m u l -
t id isc ip l inary t e a m compr i s ing a breeder, a pathol -
ogist, and an agronomis t car ry out the fo l lowing 
programs. 
c e s in the cu l t iva ted tetraplo id Arachis hypogaea. 
We hope to take advan tage of any useful mater ia l 
c o m i n g out of ICRISAT's in terspeci f ic work. 
A l though we have s o m e l ines reputed to car ry re-
s is tance to af latoxin, to date no work has been 
done on this p rob lem. 
S ince increas ing y ie ld and seed size are major 
ob ject ives, a breed ing p rog ram p roduced the c u l -
t ivar E 8 7 9 / 6 / 4 , w h i c h has an extra large pod and a 
seed coun t of 6 8 / 1 0 0 g. I t is a Cha l imbana hybr id 
and is now on l imited re lease. A lso on l imited 
re lease is SAC 58, a var iegated red - and pink-
seeded cul t ivar des igned for oil p roduc t ion , and to 
comp l imen t Vlani Pintar. 
The re are severa l p rob lem grasses ear ly in the 
season but the b road- leaved w e e d s of var ious 
types b e c o m e dominan t later in the season . But of 
ail the w e e d s the most impor tant and tough w e e d is 
the w i t c h w e e d , Alectra sp. Th is parasi t ic w e e d is 
w idesp read on g roundnu ts in Ma lawi . 
W e e d s are genera l ly cont ro l led by hand weed ing 
with a t radi t ional hoe, a l though c h e m i c a l w e e d 
cont ro l wi th Lasso is useful . H a n d pul l ing is e f fec-
t ive for the b road- leaved w e e d s and Alectra sp. 
Crop rotat ion has a lso been found to he lp wi th 
w e e d cont ro l . 
Most of the work to estab l ish g o o d cu l tura l p rac-
t i ces for g roundnu ts star ted in the ear ly 1950s. As a 
result, g roundnu ts are known to g row wel l under a 
w ide range of soi l and c l imat ic cond i t ions in the 
coun t ry (Fig.1) prov ided good c rop husbandry 
p rac t i ces are fo l lowed. Plant ing early, us ing g o o d 
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Table 1. Effects of Daconil spray treatment on kernel 
yields of cultivar Chalimbana over 13 seasons. 
(Daconil 2787 at 1.6 kg/ha in 100 I water on 8 
occasions). 
Season 
1970/71 
1971/72 
1972 /73 
1973 /74 
1974 /75 
1975 /76 
1976 /77 
1977 /78 
1978 /79 
1979 /80 
1980 /81 
1981 /82 
1982 /83 
Kernel yield (kg/ha) 
No spray 
1773 
1703 
2 3 4 4 
1364 
1589 
1200 
2 1 1 8 
1707 
2 5 1 0 
1613 
1085 
1472 
1774 
Daconil 
sprays 
3159 
2 8 6 0 
3 8 2 8 
2 1 3 3 
2207 
2797 
2 9 6 4 
3 6 7 0 
3 6 0 9 
2507 
1859 
2011 
3101 
Increase 
(%) 
78 
68 
55 
56 
39 
133 
4 0 
115 
4 4 
55 
71 
37 
71 
Disease Control 
Al though the d isease s i tuat ion for g roundnu ts has 
c h a n g e d drast ica l ly s ince 1974 wi th the new 
impor tance of rust and 's low wilt', the s c o p e of the 
research work on d isease cont ro l has rema ined 
vir tual ly the same: to moni tor the d iseases on 
g roundnuts , s tudy their ep idemio logy , and most 
important ly , f ind the best fung ic ide to use for dis-
ease cont ro l . 
T h e gu id ing pr inc ip le in the sea rch for c h e m i c a l 
d isease cont ro l has been to f ind a sui table b road 
spec t rum fung ic ide : o f low toxic i ty, c h e a p to use, 
but e f fect ive. I t is f r om these invest igat ions that 
G r o u n d n u t P ro tec t ion f r o m 
Pests a n d D iseases 
A g r o n o m y 
Pest Control 
Since the e c o n o m i c impor tance o f insect pests has 
not been eva lua ted so far, no rout ine spray ing of 
insect ic ides in con junc t ion wi th fung ic ides is done . 
I f ser ious infestat ions oc c u r occas iona l spray ing is 
wor thwhi le . 
Pi r imiphos methy l or carbary l is used to cont ro l 
leafeaters w h e n they a s s u m e des t ruc t ive propor-
t ions. D imethoate is used for aph id cont ro l . 
Dacon i l 2787 has now been r e c o m m e n d e d to 
rep lace the prev iously r e c o m m e n d e d su lphur dust. 
Dacon i l 2787 , a ch loro tha lon i l p roduct , is a con tac t 
fung ic ide w h i c h cont ro ls most of the impor tant fo-
liar funga l d iseases ef fect ively and economica l l y . 
Tab le 1 shows s o m e y ie ld inc reases over 13 years 
w h e n Dacon i l was used for fol iar d i sease cont ro l . 
W e e d Control 
Groundnu t pro tect ion covers the cont ro l o f weeds , 
d iseases, and pests in order of dec reas ing 
impor tance . 
r e c o m m e n d e d 90 cm r idge spac ing is used. At the 
60 cm r idge spac ing high plant populat ions in the 
range o f 9 0 0 0 0 - 1 2 0 0 0 0 p l a n t s / h a are p roduced . 
Th is plant populat ion prov ides qu icker g round 
cover and henc e better w e e d cont ro l , lower roset te 
inc idence , and higher y ie lds. Other cu l t ivars of the 
b u n c h type such as R G 1 , Mani Pintar, and Ma l imba 
are best g rown a t 10 cm plant spac ing on 60 cm 
r idges. 
The re is as yet no ferti l izer r ecommenda t i on for 
g roundnuts , because ferti l izer exper iments have 
often p roduced errat ic responses. But i t is gener -
ally r e c o m m e n d e d that for h igh y ie lds g roundnuts 
shou ld fo l low a wel l - fert i l ized c rop such as maize in 
the rotat ion. 
In cer ta in parts of the count ry g roundnuts are 
prone to a d isorder known as " p o p s " (poor pod 
fi l l ing), a s y m p t o m of ca l c i um def ic iency. In such 
areas a dose of 300 -500 k g / h a of agr icu l tura l gyp -
s u m at f lower ing is r e c o m m e n d e d in the a b s e n c e 
of a cul t ivar resistant to pops. Screen ing for pops 
to le rance and res is tance is being c o n d u c t e d . 
Malawi must a im to satisfy part of the g row ing 
d e m a n d for large con fec t ionary nuts ind icated by 
the major g roundnut buyers, as wel l as satisfy the 
increas ing domes t i c marke ts for edib le oil. 
The best strategy, therefore, wou ld be for Malawi 
to ensure h igh y ie lds per unit a rea of both the 
con fec t ionary nuts (for export ) and oil nuts (for the 
domes t i c market) . Research has shown yield 
potent ia ls under good managemen t of over 4 t / h a 
for the con fec t ionary cul t ivars and 3 t / h a for oil 
cu l t ivars. 
However , to increase average yields, efforts are 
requi red in breed ing, pathology, and ag ronomy to 
remove p roduc t ion const ra in ts . 
A study is in progress to de te rmine the phys io-
logical aspec ts of y ie ld of Ma lawi g roundnut cul t i -
vars. Breed ing for res is tance to funga l d iseases is 
a l ready in progress in the ICRISAT Regional Pro-
g ram, wh i ch remains the sou rce for resistant 
mater ia ls . 
With the increas ing impor tance of g roundnu t 
s low wilt, there is an urgent need for research into 
immed ia te cont ro l measures . H igh-y ie ld ing var ie-
t ies wi th oil con ten ts greater than 5 0 % are also 
urgent ly requi red. 
Future D e v e l o p m e n t o f R e s e a r c h 
P r o g r a m s 
qual i ty seed s o w n a t r e c o m m e n d e d spac ings , 
ear ly and regular weed ing , bank ing up r idges at the 
onset of f lower ing, and harvest ing at op t imum 
matur i ty have long been r e c o m m e n d e d to fa rmers , 
and s o m e progress ive fa rmers are now fo l lowing 
these prac t ices . 
T h e only b reak th rough resul t ing f rom fair ly 
recent resea rch work has been on r idge spac ing . I t 
has now been shown with Cha l imbana and 
E 8 7 9 / 6 / 4 that ear ly p lant ing on 60 cm r idges a t 15 
cm plant spac ing wi th one seed per hole g ives 
higher y ie lds (Table 2) than w h e n the prev ious ly 
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Figure 1. Areas of g roundnut product ion and 
varieties g rown in Ma lawi . 
R G 1 
M a l i m b a 
VARIETIES 
C h a l i m b a n a 
Mani P i n t a r 
N 
KASUNGU 
MCHINJI 
LILONGWE, 
SALIMA 
KAR0NGA 
MZIMBA 
RUMPHI 
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Table 2. Effect of ridge spacing on groundnut yields, (kg/ha kernels), and percent yield increase average of three 
seasons. 
Cultivar 
Chalimbana 
E 8 7 9 / 6 / 4 
E 885 /1 /4 /B 
Mean 
Spacing between ridges (cm) 
90 
1698 
1821 
1278 
1599 
75 
1831 ( 7.8)1 
2055(13.0) 
1995(57.0) 
1960(25.9) 
60 
1981(17.0) 
2067(14.0) 
2201(73.0) 
2083(34.7) 
45 
2244(33.0) 
2 1 7 8 (20.0) 
1339( 5.0) 
1920(19.3) 
1. Percentage increases in yield. 
A c k n o w l e d g m e n t s 
R e f e r e n c e s 

Agr icu l tu re is the most important sector in the M a l -
aw ian e c o n o m y : 9 0 % of the popula t ion is emp loyed 
in this sector, wh i ch cont r ibutes about 8 8 % of the 
total domes t i c fo re ign earn ings. Rural deve lopmen t 
th rough inc reased agr icu l tura l product iv i ty is one 
of the government ' s pr imary ob jec t ives (Anon 
1978). Farm inputs, inc lud ing good qual i ty seed , 
are vital for the s u c c e s s of the count ry 's agr icu l -
tural deve lopment efforts. Consequen t l y a s teady 
supply of seed is a prerequis i te to susta in agr icu l -
tural product iv i ty . 
The re have been severa l a t tempts in the past to 
organize seed p roduc t ion in Ma law i , but the suc -
cess of such efforts in s o m e ins tances was short 
l ived. For examp le , the mul t ip l icat ion p rog ram of LH 
11 (a local ly bred maize hybr id) was success fu l l y 
l aunched but eventua l ly the p rog ram was aban -
doned because of lack of pure parent l ines (Anon 
1973). Somet imes mul t ip l icat ion p rog rams suc-
c e e d e d , but the supply of seed cou ld not c o p e with 
d e m a n d , such as for Man i Pintar. Seed require-
ments were at t imes met th rough imports , as was 
the c a s e of hybr id maize. 
These prev ious seed p roduc t ion efforts were 
inadequate because of seed impor tat ion prob lems, 
and the d e m a n d for seed far outs t r ipped the supply 
because intensi f ied ex tens ion efforts success fu l l y 
e n c o u r a g e d more fa rmers to use good seed . 
T h e s e c i r c u m s t a n c e s m a d e i t necessa ry to reor-
ganize the nat ional seeds p rogram in 1976 into the 
Seed Techno logy Unit (Anon 1978b). I t is respons i -
ble for seed qual i ty cont ro l in Malawi . 
Q u a l i t y C o n t r o l 
A con t inuous supply of seed c a n be p r o d u c e d 
th rough cer t i f icat ion, the legally sanc t ioned sys tem 
for seed product ion qual i ty cont ro l . Its pr imary 
ob ject ive is to mainta in and make avai lab le to the 
fa rming commun i t y high qual i ty (i.e., v iable and 
d isease- f ree) propagat ing mater ia l . T h e Seed 
Techno logy Unit is the des igna ted cer t i f icat ion 
author i ty in Malawi . It p rescr ibes, in consu l ta t ion 
wi th a Nat ional Seed Techn ica l Commi t tee , the 
cond i t ions under wh i ch seed is to be p roduced and 
the s tandards to be at ta ined. T h e p rocedure for 
cer t i f icat ion in Ma lawi is out l ined be low wi th spec ia l 
re ference to g roundnuts . 
* Seed Technologis t , Chi tedze Agr icu l tura l Research Stat ion P.O. Box 158, L i longwe, Malawi . 
Internat ional Crops Research Inst i tute for the Semi-Ar id Trop ics . 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324. India: ICRISAT. 
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Summary 
The Seed Technology Unit of the Ministry of Agriculture is responsible for seed quality control in 
Malawi. In this paper the seed quality control procedures are detailed, including certification and 
testing. A review is also given of the constraints to groundnut seed production, and preliminary 
research project findings. 
Groundnut (Arachis hypogaea L.) 
Seed Quality Control in Malawi 
J.H. Luhanga* 
T h e es tab l i shment o f seed qual i ty cont ro l sys tems 
p resupposes the avai labi l i ty of improved cul t ivars 
genera ted f rom plant b reed ing efforts. T h e future o f 
a seeds p rog ram is therefore based on an on -go ing 
plant improvement p rogram. The re are spec ia l reg-
ulat ions in Ma lawi w h i c h gove rn the eligibi l i ty of 
new groundnut cu l t ivars for entry into the cer t i f i ca-
t ion s c h e m e . T h e new cul t ivar must be app roved by 
the Nat ional Var iety Release Commi t t ee , and has 
to be b a c k e d by a sound ma in tenance p rog ram 
( conduc ted by the breeder) in order that " f r e s h " 
seed c a n be in t roduced into the p roduc t ion c y c l e 
per iodical ly . T w o n e w g r o u n d n u t cu l t ivars (Ch i t am-
bana and SAC 58) have been re leased recent ly in 
a c c o r d a n c e wi th these p rocedures . These cul t i -
vars were deve loped at Chi tedze Research Stat ion 
by the Groundnu t Breed ing Sect ion. 
S e e d Inspec t ion 
Groundnu t seed has to be p rocessed in order to 
meet the purity s tandards for cer t i f icat ion pur-
poses. T h e Nat ional Seed C o m p a n y under takes 
the c lean ing operat ion. T h e samp le tes ted to deter-
m ine seed qual i ty and a c c e p t a n c e for cer t i f icat ion 
is ob ta ined by a gove rnmen t seed inspector after 
f inal p rocess ing . The samp le is then submi t ted to 
the off ic ial Seed Test ing Laboratory at Chi tedze 
Research Stat ion. The laboratory is equ ipped 
acco rd ing to internat ional s tandards as p rescr ibed 
Table 2. Seed standards for basic and certified 
groundnut seed production. 
Germination 
Insect damaged seed (by weight) 
Off-types 
Pure seed (analytical purity) 
Defects (e.g. mechanical damage) 
70.0% 
2.5% 
1.0% 
98.0% 
2.5% 
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Fie ld Inspec t ion 
Governmen t inspectors examine all reg is tered 
g roundnu t c rops . Inspect ions are t imed so that var-
ietal of f - types, or rogues, are easi ly ident i f ied. Field 
s tandards for bas ic and cer t i f ied g roundnut seed 
are s h o w n in Tab le 1 . These are based on the c o d e 
of the Assoc ia t ion of Off ic ial Seed Cert i fy ing A g e n -
c ies (AOSCA) , an internat ional cer t i f icat ion author-
ity. Seed c rops that fail to meet f ie ld s tandards are 
re jec ted. 
Table 1. Field standards in use for groundnut seed 
production. 
Parent seed (source) 
Isolation 
Previous cropping 
history 
Off-type plants 
Class of Seed 
Basic 
Breeder's seed 
100 meters 
1 season 
0 . 1 % 
Certified 
Basic seed 
100 meters 
1 season 
0.2% 
Note: When the seed crop is so severely infected wi th any 
disease or otherwise damaged so as to prejudice seed 
production, the seed certification authority rejects the 
crop. This condition is applicable to both classes of 
seed. 
El igibi l i ty of Cu l t i va rs 
Reg is t ra t ion o f G r o w e r s 
Inherent in the cer t i f icat ion c o n c e p t is a genera t ion 
sys tem whereby the ped ig rees of super ior cu l t ivars 
are ma in ta ined th rough subsequen t seed p roduc-
t ion (Cope land 1976). In Ma lawi a th ree-genera t ion 
s c h e m e of internat ional ly accep tab le n o m e n c l a -
ture is recogn ized (Feistritzer et al. 1975): 
1. Breeder 's seed is p roduced di rect ly by the 
breeder, prov id ing the sou rce for the inc rease of 
the subsequen t genera t ion i.e., basic seed. 
2. Bas ic seed is p roduced under the responsibi l i ty 
of the breeder or his author ized agent . The re are 
s tandards to w h i c h the seed must con fo rm. T h e 
fu l f i lment of these cond i t ions is c h e c k e d by offi-
c ia l Seed Techno logy Unit inspectors ; 
3. Cer t i f ied seed is g rown f rom bas ic seed and is 
in tended to be used for food . 
G r o w e r s w ish ing to p roduce seed c h o o s e wh i ch 
c lass of seed (or genera t ion) they wan t to mult iply. 
T h e Nat ional Seed C o m p a n y of Ma law i (NSCM) is 
respons ib le for organiz ing the seed p roduc t ion pro-
g ram. T h e bulk of the seed is g rown on es ta tes 
under cont rac t . T h e N S C M makes the necessary 
a r rangemen ts for the ident i f icat ion and regist rat ion 
o f g rowers wi th the Seed Techno logy Unit e a c h 
year. Th is season s o m e 25 farmers, , represent ing 
30 ha of Ch i t ambana , have been reg is tered wi th the 
Seed T e c h n o l o g y Unit. T h e Genera l Farming C o m -
pany p lans to g row 80 ha of S A C 58. 
by the Internat ional Seed Test ing Assoc ia t ion 
( ISTA) to wh i ch i t is an acc red i ted member . The 
s tandards for purity, germinat ion , and other seed 
qual i ty at t r ibutes are based on the Assoc ia t ion 's 
rules. T h e m in imum standards for g roundnut seed 
are shown in Tab le 2. 
Cert i f ied seed in Malawi is marke ted by the Agr icu l -
tural and Market ing Corpora t ion ( A D M A R C ) and 
N S C M . The Seed Techno logy Unit moni tors seed 
qual i ty dur ing distr ibut ion and s torage by annual ly 
resampl ing all car ryover seed s tocks in A D M A R C 
and N S C M depots. Germina t ion tests are c o n -
duc ted and subs tandard seed is re jec ted. 
Legis lat ion is required to enab le the Seed Techno l -
ogy Unit to per form i ts qual i ty cont ro l func t ions 
effect ively. Farmers and seed inst i tut ions wou ld 
also benefit because their interests wou ld be 
legally p ro tec ted. A draft Seeds Act has been pre-
pared and is being rev iewed by the Ministry of 
Agr icu l ture. It is hoped that in the near future seed 
legislat ion will be cove red by an act of par l iament. 
A l though the groundnut seed cer t i f icat ion s c h e m e 
out l ined in this paper is operat ional , the quant i ty of 
seed p roduced does not meet the demand . A 
number of const ra in ts have been ident i f ied: 
• Shel l ing. The re is an urgent need to mechan ize 
the shel l ing operat ion for Cha l imbana , a con fec -
t ionary cult ivar wh ich has large kernels. The 
exist ing equ ipment d a m a g e s the kernels. Due to 
this setback, la rge-sca le product ion of Cha l im-
bana is not feasib le. 
• Mani Pintar, an oil nut is highly suscept ib le to 
seed-borne fungal d iseases e.g. Fusarium spp. 
and Aspergillus spp. Shel led seed does not 
store wel l . 
• These two cul t ivars are easi ly d a m a g e d (split) 
dur ing p rocess ing and t ranspor ta t ion, espe -
cial ly over earth roads. 
In v iew of these prob lems, the Seed Techno logy 
Unit has l aunched a research project a imed at 
ove rcoming s o m e of these constra ints . Prel iminary 
results f rom one of the trials show that: 
• Seed t reatment ( fungic ides) ef fect ively check 
fungal deve lopment on seed, wh i ch improves 
field estab l ishment , especia l ly in the oil nut cu l -
t ivar SAC 58 (Table 3). However , there is no 
apprec iab le improvement in f ield es tab l ishment 
of Cha l imbana (Table 4). 
Table 3. Mean percentage establishment of cultivar SAC 58 seedlings in a field seed dressing trial at Chitedze. 
Seed source 
Seed shelled 3 days before sowing 
Seed shelled 5 months before sowing 
% establishment 
Seed dressed with 
Prentasan 
87 
68 
Thiram 
91 
70 
Captafol 
87 
94 
No seed dressing 
80 
39 
Table 4. Mean percentage establishment of cultivar Chalimbana seedlings in a field seed dressing trial at 
Chitedze. 
Seedsource 
Seed shelled 3 days before sowing 
Seed shelled 5 months before sowing 
% establishment 
Seed dressed with 
Prentasan Thiram Captafol 
87 90 96 
89 87 84 
No seed dressing 
94 
82 
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Factors L imi t ing S e e d P r o d u c t i o n 
M o n i t o r i n g S e e d Q u a l i t y 
R e g u l a t o r y C o n t r o l : 
the S e e d s Ac t 
Copeland, L. 1976. Seed certification. Pages 297-366 in 
Principles of seed science and technology. Minneapolis, 
Minnesota, USA: Burgess Publishing Co. 
Feistritzer, W.P., Brodley, R., and Ogada, F. 
1975. Pages 25-29 in Cereal seed technology (Feis-
tritzer, W.P., ed.). Rome, Italy: FAO. 
Malawi: Ministry of Agriculture. 1978. National Rural 
Development Programme. Lilongwe, Malawi: Ministry of 
Agriculture. 
UK: Commonwealth Development Corporation. 
1978. Appraisal of proposed National Seed C o m p a n y -
Malawi. London, U.K: Commonwealth Development 
Corporation. 
UK: Overseas Development Administration. 1973. 
Report to the Government of Malawi on proposals for 
establishing a National Seeds Programme. London, U.K: 
Overseas Development Administration, Foreign and 
Commonwealth Office. 
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R e f e r e n c e s 
• T h e r e i s n o n e e d t o t r e a t t h e s e e d w i t h f u n g i c i d e 
i f i t i s s t o r e d i n t h e p o d a n d s h e l l e d t h r e e d a y s 
p r i o r t o p l a n t i n g . 
Discussion on Malawi Papers 
Kelly: Close plant spac ing does result in 
inc reased yield but i t a lso has the d isadvan tage of 
inc reased seed input, and i t is more diff icult to 
prepare nar row r idges and to car ry out in ter - row 
cul t ivat ions. 
Ngwira : We have had no dif f iculty in mak ing 60 
cm wide r idges instead o f 90 cm wide ones, and 
there have been substant ia l ga ins in y ie ld. Weed ing 
has not posed a prob lem and the more rapid at ta in-
ment of land cover has he lped in suppress ing w e e d 
growth. 
Doto: The parasi t ic weed a lect ra is a ser ious 
prob lem in cowpeas , what is the si tuat ion in 
g roundnuts? 
Manda: A lect ra is c lear ly increas ing in impor-
tance in g roundnuts and research needs to be 
init iated. 
M c D o n a l d : Have the e c o n o m i c s of fol iar dis-
eases contro l with Dacon i l (chlorothaloni l ) been 
fully worked out? 
Ngwira : The original recommenda t i ons for foliar 
d iseases contro l was to use sulphur dust. Daconi l 
is now r e c o m m e n d e d because it g ives super ior 
contro l of rust. The e c o n o m i c s have yet to be ful ly 
worked out. The large vo lume of water required 
might d iscourage some farmers f rom fo l lowing the 
recommenda t ion . 
Edje: Some farmers have suggested that appl i -
cat ion of dacon i l inc reased at tack by Hilda 
patruelis. 
Amin : You have ment ioned that the e c o n o m i c 
impor tance of g roundnut pests have not been 
assessed , however, pests like Hilda patruelis and 
termites can do cons iderab le d a m a g e and Aphis 
craccivora is important both as a d i rect pest and as 
the vector of rosette. 
Ngwira : Insect pest p rob lems will be invest i-
gated in the future. 
Cole : Where are the var ious cul t ivars g rown in 
Malawi? 
Ngwira : Cul t ivars are r e c o m m e n d e d for speci f ic 
env i ronments . Mani Pintar is g rown near the lake at 
low alt i tude whi le Cha l imbana is g rown at h igher 
al t i tudes. 
Manda: Pops are a ser ious prob lem in some 
regions of Malawi . What are the p rospec ts for 
genet ic variabil i ty in respect of this s i tuat ion? It has 
been reported that cul t ivar MB 662 is not sensi t ive 
to the condi t ion. 
Nigam: The cult ivar TMV 3 f rom India a lso 
appears to have some res is tance to pops. G o o d 
work on this prob lem has been done in Zamb ia and 
research is being done at ICRISAT Center on 
ef fects of ca l c i um nutr i t ion on pops and in teract ion 
of ca l c ium and drought stress. Genet i c variabi l i ty 
has been found. 
Doto: What are the ef fects of shel l ing me thod on 
seed viabi l i ty? 
Luhanga: Method of shel l ing is very important in 
relat ion to testa d a m a g e and seed viabil i ty. Seed of 
cul t ivar Cha l imbana reta ined good viabil i ty over a 
per iod of 5 months fo l lowing hand shel l ing. 
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Factors Affecting Groundnut Production 
in Mozambique 
Summary 
Groundnut is cultivated mostly by small farmers as a rainfed Crop. The average yield of dried pods is 
500 kg/ha. Short-season erect cultivars are grown in the south while long-season prostrate types 
dominate in the north. 
The main production constraints are: 1. poor cultural practices, 2. pests, diseases, and weeds, 3. 
lack of good quality seeds, 4. irregular rainfall, 5. lack of marketing opportunities, 6. lack of suitable 
implements and farm power, 7. growing unimproved landraces, 8. low soil fertility, and 9. lack of 
technical and extension personnel. The Groundnut Impovement Project is working with farmers to 
find solutions to these constraints. Promising results have been obtained and are being applied at 
the farm level. 
Groundnu ts are g rown in all parts of Mozamb ique , 
but main ly in the coasta l zones of the nor thern 
p rov inces o f Nampu la , Zambez ia , and C a b o De l -
gado, and in the southern prov inces of Inhambane, 
Gaza, and Mapu to (Mal i thano 1980, Mal i thano and 
Ramana iah 1983). They are an important food and 
c a s h c rop g rown mainly by sma l l - sca le fa rmers as 
a rainfed crop. Yie lds are genera l ly low and aver-
age about 500 k g / h a . 
The potent ial for g roundnut p roduc t ion in 
Mozamb ique as both rainfed and irr igated c rops is 
enormous . Listed in order of impor tance are pro-
duc t ion constra ints : 
1. Poor cul tura l p rac t ices 
2. Pests, d iseases, and weeds 
3. Lack of good qual i ty seed 
4. Irregular rainfall 
* Groundnut Project Advisor and Plant Breeder, Agronomis t and Research Assistants respectively, Universi ty Eduardo M o n d -
lane, C.P. 257, Maputo, Mozambique. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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A.D. Malithano, K.V. Ramanaiah, A .M. Monjana, 
B.S. Chilengue, and R.N. Uaiene* 
5. Lack of marke t ing oppor tun i t ies 
6. Lack of sui table imp lements and fa rm power 
7 . G row ing un improved g roundnu t l and races 
8. Low soil ferti l i ty 
9 . Lack of t echn ica l and ex tens ion personne l 
T h e Groundnu t Improvement Project, f i nanced 
joint ly by the Gove rnmen t of the People 's Republ ic 
of Mozamb ique (PRM) and the Internat ional Deve l -
opmen t Research Cent re ( IDRC) is mak ing efforts 
to o v e r c o m e these p rob lems th rough research and 
ex tens ion serv ices. A brief exp lanat ion of the c o n -
straints to g roundnut p roduc t ion in Mozamb ique 
and their potent ia l so lut ions fol low. 
P o o r C u l t u r a l P r a c t i c e s 
Poor cu l tura l p rac t i ces ser iously limit g roundnut 
p roduc t ion in Mozamb ique . Desp i te fa rmers ' inti-
mate know ledge and t radi t ional exper ience , cul tur-
a l p rac t i ces have rema ined stat ic main ly because 
rural m e n have migra ted to the c i t ies and mines, 
leaving only w o m e n to g row c rops . T h e w o m e n 
have soc ia l and fami ly ass ignments , so they fa rm 
only part t ime. T h e few m e n w h o remain on the land 
usual ly cons ider g roundnu ts as a c r o p that c o n -
ce rns w o m e n and ch i ld ren. There fore , very little 
at tent ion is g i ven to improv ing c rop p roduc t ion 
methods . 
In most g roundnu t g row ing areas, land fa l lowing 
is ei ther dec reas ing or is not p rac t i ced at all 
b e c a u s e of popula t ion pressure. As a result, the soil 
nutr ients are dep le ted and s ince fa rmers do not 
apply fert i l izers to g roundnuts , y ie lds are steadi ly 
dec reas ing . In the sou thern p rov ince of Gaza, for 
examp le , h igh popula t ions leave very little oppor-
tuni ty for fa rmers to fa l low their land. In nor thern 
Mozamb ique , forests are be ing cut d o w n and bush 
c leared as a result of inc reas ing popu la t ion. Heavy 
rains in the north where no soi l conserva t ion m e a -
sures are p rac t i ced has led to w ide -sp read soi l 
e ros ion and low ferti l ity. 
To so lve these prob lems, old cu l tura l p rac t i ces 
need to be rep laced by new ones . Cul tura l p rac t i -
c e s requi r ing at tent ion are: 
• p lant ing date, 
• plant densi ty , 
• soi l and mo is tu re conserva t ion , and 
• in tercropp ing and c rop rotat ion. 
Planting Date 
Farmers a re aware that they wil l have low yields i f 
they plant late, but lack of fa rm power and errat ic 
rainfal l f o rce t h e m to plant late. Also, g roundnu ts 
are p lanted late b e c a u s e first priority is g iven to the 
major s taple c rops of maize, cassava , so rghum, 
and r ice. 
Plant Density 
T h e most expens ive input in g roundnut p roduc t ion 
is the seed . Farmers canno t af ford to inc rease the 
seed rate in order to ach ieve op t imum plant densi ty 
because groundnut seed is expens ive and is usu-
ally in short supply. There fore , y ie lds are low 
b e c a u s e fa rmers plant at low plant densi ty s ince 
they a re in terested in get t ing m a x i m u m yield per 
plant rather than per hectare . On c o m m e r c i a l and 
state farms, m a x i m u m yie ld per hec tare is the goal , 
and therefore their seed rate is h igher than that of 
the sma l l - sca le fa rmers . The big enterpr ises can 
af ford to buy expens ive seed . 
Soil and Moisture Conservat ion 
In sou thern Mozamb ique the rains are errat ic and 
the mois ture hold ing capac i ty of the soil is very low. 
In the nor th, high rainfall c a u s e s soil e ros ion. 
B e c a u s e of poor cul tura l p rac t i ces to conse rve 
mois ture and soil , the y ie lds of g roundnu ts are 
dec reas ing . 
Intercropping and Crop Rotation 
In tercropp ing is a very popular cu l tura l p rac t i ce in 
Mozamb ique and , a lmost invar iably, g roundnu ts 
are in terp lanted wi th s u c h c rops as maize, c a s -
sava, and so rghum. The c ropp ing pat terns and 
di f ferent p lant ing dates of the in tercrops are not 
very wel l def ined and yet these fac to rs great ly influ-
e n c e the y ie lds o f the c o m p o n e n t c rops . Sys tem-
atic rotat ion is not p rac t i ced a l though fa rmers 
somet imes g row pure c rops ad jacent to e a c h 
other. Thus , c rop yie lds are a f fec ted by not rotat ing 
c rops . 
P e s t s , D i s e a s e s , a n d W e e d s 
Farmers do not use cont ro l measu res against pests 
and d iseases . Termi tes and roset te v i rus d isease 
are major p rob lems and c a u s e heavy losses. Ter -
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Pre independence seed buy ing and redistr ibut ion 
serv ices do not now exist. Farmers b e c a m e a c c u s -
t o m e d to being suppl ied with or buy ing groundnut 
seed at p lant ing t ime, and ate or sold whatever they 
p roduced . Obta in ing seed has been diff icult 
because consecu t i ve and severe droughts have 
c a u s e d comp le te c rop losses. There is a cr i t ical 
seed shor tage. To make th ings worse , there are no 
eff ic ient s t ruc tures to p roduce good qual i ty 
g roundnut seed and distr ibute i t to the farmers . 
Lack of seed is a p rob lem that requires immedia te 
at tent ion if p roduc t ion of g roundnut is to increase. 
T h e total annua l rainfall is suff ic ient to raise a good 
c rop of g roundnuts , but in some parts of Mozam-
bique, espec ia l ly in the south , rainfall is very errat ic 
and not even ly d is t r ibuted. 
Heavy Rains 
There is a severe shor tage of improved agr icu l tura l 
implements. T h e hand hoe is the only imp lement 
the farmers use for land preparat ion, sowing , w e e d -
ing, and harvest ing. Those farmers w h o have an 
an ima l -d rawn plow can only use i t for land p repara -
t ion and sowing. There are no other an ima l -d rawn 
implements for hoeing, weed ing , harvest ing, car t -
ing, etc. 
Lack of draft an imals is a genera l p rob lem in 
Mozambique, and dur ing the dry per iod, they a re 
weak f rom lack of feed. B e c a u s e of tse tse fly in the 
north, the cat t le populat ion is concen t ra ted in the 
south, but a beef shor tage has intensi f ied the short-
age of draft animals. 
On large farms, in addi t ion to shor tages of t ra ined 
manpower and agr icul tura l imp lements , fuel is in 
very short supply and will remain so as long as the 
wor ld recess ion cont inues. 
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I r regu la r Rainfa l l 
Annual Rainfall 
Drought 
Prolonged dry spel ls dur ing the g rowing season 
cause g roundnuts to suffer f rom severe drought . 
S ince there is little or no irr igat ion for g roundnuts , 
droughts c a n cause comp le te c rop loss. 
Lack o f M a r k e t i n g O p p o r t u n i t i e s 
Intensive rains fal l ing within a few days c a u s e ero-
sion, soil nutr ient leach ing, and henc e low yields. A 
more ser ious effect of heavy rains is f requent and 
ser ious f loods wh ich d a m a g e c rops and l ivestock. 
L a c k o f F a r m P o w e r 
Unless fa rmers are g iven incent ives, inc lud ing 
pr ices that cover p roduc t ion expenses , g roundnut 
y ie lds will con t inue to be low. B e c a u s e cur rent 
g roundnut pr ices are very low, fa rmers p roduce 
groundnuts only for home consumpt ion . 
Groundnut market ing should be l inked wi th fa rm 
inputs and essent ia l consumer goods in l ine wi th 
rural commun i t y needs. In Mozamb ique , wel l 
organized market ing faci l i t ies are lack ing in the 
rural areas. 
Because t ransportat ion is a prob lem, it is dif f icult 
to move agr icul tural p roduce f rom rural a reas to the 
cit ies. Thus , most product ion is c o n s u m e d local ly 
(Mal i thano and Ramana iah 1983). 
Lack o f S e e d 
mites are a very ser ious prob lem all over the c o u n -
try, but the degree of termi te d a m a g e var ies f rom 
p lace to p lace and f rom season to season. In the 
nor th, e.g., in the prov ince of Nampu la , termi te 
d a m a g e to g roundnuts is ex tens ive and ser ious. 
L i terature on termi te d a m a g e to c rops is lack ing but 
acco rd ing to the work of Carva lho (1972) , in 
Mozamb ique termi tes even at tack l iving plants. 
The effect of roset te on g roundnut y ie lds has 
been wel l d o c u m e n t e d (Davis 1976, Mercer 1977). 
In Mozamb ique , rosette is very c o m m o n , espec ia l ly 
in la te -sown and second season c rops in the south. 
Roset te i nc idence also appears to be related to 
rainfal l : h igh dur ing pro longed dry weather and low 
w h e n rainfall is f requent . Heavy rainfall washes 
away the vector aph ids f rom the plants. 
Rust is a c o m m o n d isease and occu rs every-
where in Mozambique , but there is no in format ion 
avai lab le on the extent of c rop losses due to this 
d isease. 
W e e d s are qui te a ser ious p rob lem on fa rmers ' 
f ields. A l though fa rmers w e e d their c rops , weed ing 
is usual ly done late and ineff ic ient ly caus ing 
reduced yields. The weed ing p rob lem is related to a 
farm labor shor tage due to rural migrat ion to the 
ci t ies. 
No improved cul t ivars sui table for local cond i t ions 
have been deve loped . Co lon ia l p rac t i ces of intro-
duc ing unsui tab le and un tes ted seed have resu l ted 
in gene t i c eros ion of local geno types and degener -
at ion o f i n t roduced cul t ivars. (Ma l i thano and R a m a -
naiah 1983). Dur ing Project surveys, fa rmers 
wan ted improved groundnut cul t ivars that we re 
potent ial ly h igh y ie ld ing and adap ted to their cul tur-
a l p rac t i ces . T h e r e is an urgent need to deve lop 
cul t ivars resistant to rosette. 
T h r o u g h the surveys c o n d u c t e d by the Project , the 
fa rmers ' s i tuat ion is qui te wel l unders tood and 
exper iments on p lant ing dates, plant densi ty, inter-
c ropp ing , etc. are pe r fo rmed to raise low c rop pro-
duc t ion . T h e cr i ter ion for des ign ing exper iments is 
n e e d - b a s e d and in f luenced by the fa rmers ' s i tua-
t ion. S o m e p rob lems fa rmers f ace have been 
so lved th rough d i rect t ransfer and app l ica t ion of 
in format ion and exper ience of fa rmers f rom one 
region to those of another. For example , fa rmers in 
N h a c o o n g o have deve loped a very comp l i ca ted 
but scient i f ical ly sound and wel l in tegrated fa rming 
sys tem involv ing in tercropping of g roundnuts and 
maize w h i c h fo l lows a logical sequence of p lant ing 
dates of g roundnu ts and maize, and a pat tern of the 
c omponen t c rops. 
T h e Project is sc reen ing both local and exot ic 
ge rmp lasm for d isease and insect pest res is tance 
genes to breed into potent ial ly h igh-y ie ld ing cul t i -
vars. S o m e h igh-y ie ld ing groundnut cul t ivars have 
been ident i f ied and these wil l now enter a hybr id-
ization p rog ram for d isease res is tance at the ICRI-
SAT G r o u n d n u t R e g i o n a l C e n t r e , L i l o n g w e , 
Malawi , whe re good faci l i t ies for this k ind of work 
exist. 
Farmers are adv ised to plant early to avoid dis-
eases. O n - f a r m trials have shown regular weed ing 
to be necessary i f good yields are to be ach ieved . 
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L o w So i l Fert i l i ty 
In tens ive cu l t ivat ion as a result of popula t ion pres-
sure deple tes soi l nutr ients wi th consequen t low 
produc t ion because there is no land fa l lowing. 
Genera l ly , fa rmers do not apply fert i l izers to 
g roundnu ts a l though surveys have shown that in 
the south, the soi ls are low in phosphorus and z inc 
and, in the north, ca l c i um is lack ing. 
G r o u n d n u t I m p r o v e m e n t 
Pro jec t Ef for ts 
P o o r C u l t u r a l P r a c t i c e s 
Lack of Seed 
T h e Groundnu t Improvement Project is c lose ly 
l inked wi th seed mul t ip l icat ion and is adv is ing the 
Nat ional Seed Enterpr ise on the importat ion of cu l -
t ivars that have been tested in Mozamb ique . T h e 
Project also trains agr icul tura l admin is t ra tors c o n -
ce rned wi th g roundnut seed mul t ip l icat ion and 
distr ibut ion. 
T h e r e is a severe shor tage of t ra ined personne l 
and ex tens ion serv ices do not exist. 
L a c k o f T e c h n i c a l a n d 
E x t e n s i o n P e r s o n n e l 
Lack of Farm Power 
T h e Project is p lann ing to improve an ima l -d rawn 
imp lements by test ing fa rm imp lements deve loped 
by F rench sc ient is ts and ICRISAT under M o z a m -
bique condi t ions. B a m b o o tubes used by Ind ian 
fa rmers to plant g roundnuts and p lace fert i l izers 
have been success fu l l y tes ted in Mozamb ique . 
Lack of Market ing Opportunit ies 
T h e Groundnu t Improvement Project, th rough its 
con tac ts wi th the producers , ob ta ined in format ion 
on the market ing s i tuat ion in the country . T h e infor-
mat ion on market ing p rob lems faced by fa rmers 
was passed th rough the normal channe ls to the 
author i t ies c o n c e r n e d wi th market ing of agr icul tur-
a l p roduce . T h e Project a lso adv ised fa rmers on 
sui table g roundnut s torage and to sel l unshe l led 
rather than shel led g roundnuts b e c a u s e s c a r c e 
faci l i t ies for stor ing shel led g roundnuts result in 
heavy s torage losses. 
Dur ing the fa rm surveys c o n d u c t e d by the 
Groundnu t Improvement Project, fa rmers ra ted 
lack of fa rm power as the ma in const ra in t to 
groundnut p roduc t ion in Mozamb ique . 
G r o w i n g o f U n i m p r o v e d 
G r o u n d n u t L a n d r a c e s 
Potent ial ly h igh-y ie ld ing local and exot ic g roundnut 
cul t ivars have been ident i f ied and r e c o m m e n d e d 
to the Ministry of Agr icu l tu re for mul t ip l icat ion and 
eventua l distr ibut ion to growers . Evaluat ion and 
se lect ion of super ior cul t ivars to rep lace landraces 
is in progress. Shor t -season cul t ivars of local or ig in 
per form wel l in the south and exot ic l ong -season 
cul t ivars f rom Senega l are excel lent in the north. 
SAT Center, India. Patancheru, A.P. 502324, India: 
International Crops Research Institute for the Semi-Arid 
Tropics. 
Malithano, A.D., and Ramanaiah, K.V. 1983. Ground-
nut improvement through problem oriented research. 
Presented at the Oil crops Workshop.3-8 Sept 1983, 
Cairo, Egypt. Patancheru, A.P. 502324, India: Interna-
tional Crops Research Institute for the Semi-Arid Tropics. 
(Limited distribution.) 
Mercer, P.C. 1977. Pests and diseases of groundnuts in 
Malawi. Oleagineux 32(11):483-488. 
Soil nutr ient def ic ienc ies have been ident i f ied in 
dif ferent parts of the country . In the south, z inc is 
def ic ient in the groundnut soi ls in the p rov ince of 
I nhambane and phosphorus is lack ing in the soi ls 
of the prov inces of Gaza and Maputo . In the north, 
ca l c i um is def ic ient in the soils of the prov ince of 
Nampu la . Based on this informat ion, ferti l izer tr ials 
we re c o n d u c t e d in these prov inces. On agr icu l tura l 
research stat ions and state fa rms the response of 
g roundnuts to ferti l izers was smal l or even negat ive 
because of high soil nutr ient levels on these sites. 
However , on farmers ' f ields the response of 
g roundnuts to ferti l izers was 5 0 - 3 0 0 % more than in 
the contro l plots indicat ing high potent ial for ferti l-
izer appl icat ion to increase groundnut yields. 
Carvalho, J.H.B. 1972. Introducao ao estudo dos ter-
mites de Mocambique. (In Pt.) 134 pp. 
Davies, J.C. 1976. The incidence of rosette disease in 
groundnut in relation to plant density and its effect on 
yield. Annals of Applied Biology 82:489-501. 
Malithano, A.D. 1980. Groundnut production, utilization, 
research problems and further research needs in 
Mozambique. Pages 257-261 in Proceedings of the Inter-
national Workshop on Groundnuts, 13-17 Oct 1980, ICRI-
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Lack of Technical 
and Extension Personnel 
T h e project has been very success fu l in t ra in ing 
nat ional research scient is ts, techn ic ians , and f ield 
assistants. Farm laborers have a lso been t ra ined 
so that they do their work more eff ic ient ly. 
R e f e r e n c e s 
Low Soil Fertility 
Growing Unimproved 
Groundnut Landraces 

Groundnu ts have been g rown in Mozamb ique for 
many years, main ly in light soi ls a long the coasta l 
zone. T h e s e soils y ield poor ly because minera l 
nutr ients are low, especia l ly in areas ad jacent to 
towns where populat ion pressure is h igh and the 
land is intensively cu l t ivated wi thout ferti l izer 
appl icat ion or fa l lowing. Dur ing f ield surveys 
c o n d u c t e d by the Groundnut Improvement Project, 
fa rmers s t ressed the prob lem of dec reas ing 
groundnut yields due to droughts and low soi l 
fertil ity. Observat ions of cont inuous ly c ropped 
groundnut f ields con f i rmed nutr ient de f ic ienc ies of 
phosphorus , ca l c ium, zinc, and ni t rogen. In 
southern Mozambique , in the distr ict of Mac ia in 
Gaza Prov ince, g roundnuts s h o w e d symp toms o f 
n i t rogen d e f i c i e n c y c h a r a c t e r i z e d by poo r 
vegetat ive growth and pale yel low fol iage. N i t rogen 
def ic iency was severe on plants g rowing in c o a r s e 
sandy soils. These plants p roduced very f ew 
nodules, most of wh ich were not ef fect ively f ix ing 
ni trogen. 
P h o s p h o r u s d e f i c i e n c y s y m p t o m s w e r e 
observed in many groundnut g row ing areas, 
whereas ca lc ium def ic iency, charac ter ized by 
pops, shr iveled and smal l seeds, was obse rved 
mainly in the north where long durat ion and 
prostrate groundnut types are g rown. 
Z inc def ic iency was observed on y o u n g leaves 
of groundnuts wh ich were a bronze co lor a n d 
became powdery when pressed. 
* Agronomis t , Groundnu t Project Advisor and Plant Breeder, and Field Assistant, respectively, Universi ty Eduardo Mondlane, 
C.P. 257, Maputo , Mozambique. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Af r ica, 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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Summary 
Symptoms of phosphorus, calcium, zinc, and nitrogen deficiencies were noticed in groundnut 
grown in Mozambique. Based on this observation, field experiments were conducted on research 
stations along the coastal belt. Very little response to fertilizers was obtained on research stations 
and state farms because soil fertility was high, varying from 0.09-0.14 % total N and 60-175 ppm P. 
Thus, on-farm trials were conducted on farmers fields with lower soil nutrient levels. High yields of 
groundnut were obtained when 40 kg/ha P2O5 of 16% single superphosphate were applied, with 
yields ranging from 50-300% higher than in the control plots. 
Effect of Fertilizers on the Yield of Groundnut 
in Mozambique 
K.V. Ramanaiah, A.D. Malithano, and B.S. Chilengue* 
Based on these observat ions, fertil izer trials were 
c o n d u c t e d both on research stat ions and on 
farmers ' f ields. 
T h e trials were car r ied out at Umbeluz i Agr icu l tura l 
Research Stat ion, Mar racuene State Farm, and on 
farmers ' f ields in southern Mozambique very c lose 
to the capi ta l ci ty of Maputo , and on a seed 
mult ip l icat ion farm at Namia lo in the north. The 
trials lasted two growing seasons, 1 9 8 1 / 8 2 and 
1 9 8 2 / 8 3 a t Umbeluz i and 1 9 8 2 / 8 3 and 1 9 8 3 / 8 4 
on the farmers ' f ields. T w o sites had trials dur ing 
only one growing season: 1981 / 8 2 at Namia lo and 
1 9 8 2 / 8 3 at Mar racuene, but those at Mar racuene , 
Namia lo , and all the sites on the farmers ' f ields 
were rainfed except one irr igated site. T e n sites on 
farmers ' f ields were se lec ted dur ing 1 9 8 2 / 8 3 and 
six dur ing the 1 9 8 3 / 8 4 crop growing seasons. 
On the research stat ion and on state farms the 
exper imenta l des ign used was a split plot wi th 
fertilizer as the main t reatment and cul t ivars as 
subplots. Several cul t ivars were tested on the 
research stat ion and on the state farms. Short-
season cul t ivars were tested in the south, whi le 
long-season ones were tested in the north. 
On the research stat ion and state fa rms two 
fertilizer t reatments and one contro l t reatment were 
used: 
Fo - contro l 
F1 - 40 k g / h a P 2 O 5 as 16% single superphospha te 
F2 - 40 k g / h a P 2 O 5 as 1 6 % single super-
phosphate and 20 k g / h a N as urea. 
On the farmers ' f ields, the exper imenta l des ign 
used was of a demonst ra t ion type with one t reated 
plot and one contro l plot: 
Fo - cont ro l 
F1 - 40 k g / h a P 2 O 5 as 1 6 % single super-
phosphate. 
T h e total area var ied f rom 2000 -4000 m 2 and the 
net plot var ied f rom 50 -100 m2 . 
T h e low doses were appl ied so that fa rmers 
cou ld afford to buy ferti l izers to use at these rates 
shou ld the tests show e c o n o m i c gains. 
T h e ferti l izers were appl ied at the t ime of p lant ing 
using a p lacement method. Plant ing was by hand 
and spac ing was 45 cm be tween rows and 10 cm 
Groundnut yields on research stat ion and state 
farm on t reated and unt reated plots are presented 
in Tab les 1-3. App l ica t ion of ferti l izers did not 
increase yields of groundnut . 
The yields at Mar racuene were very low 
because the c rop was not i rr igated and suf fered 
f rom a very severe drought dur ing the g row ing 
season. However , at Namia lo the yields under 
rainfed condi t ions, were higher than those at 
Umbeluz i . This yield d i f ference is re lated to the 
per fo rmance of the cul t ivars themselves. 
In general , soil nutr ient levels on research stat ion 
and state farms are very high (Table 4), and as a 
consequence , the groundnuts d id not respond to 
fertil izer t reatment. 
Table 2 Dry pod yield of groundnut at Marracuene 
state farm, 1982. 
Treatment 
FO 
F1 
F2 
Yield (kg/ha) 
413 
562 
676 
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Table 1. Dry pod yield of irrigated groundnut at 
Umbeluzi Research Station. 
Year 
1981 
1982 
Treatment 
FO 
F1 
F2 
FO 
F1 
F2 
Yield (kg/ha) 
2644 
2596 
2591 
1883 
1744 
1779 
within rows. All the operat ions were done by the 
farmers themselves. 
Resul ts 
Mater ia ls a n d M e t h o d s 
Table 3. Dry pod yield of groundnut at Namialo state 
farm, 1982. 
Treatment 
FO 
F1 
F2 
Yield (kg/ha) 
3 3 2 8 
3526 
3586 
On- fa rm trials were c o n d u c t e d on farmers ' f ields 
with poor soils especia l ly def ic ient in n i t rogen and 
phosphorus, with only med ium levels of potass ium, 
and a neutral pH The data in Tab le 5 show that 
groundnut responded well to phosphorus yielding 
up to 4000 k g / h a on t reated plots as c o m p a r e d to 
50 -2000 k g / h a on contro l plots. 
C o n c l u s i o n s 
Yields were wel l above average for the south when 
fertilizer was used on coarse sandy soils in farmers ' 
f ields. Groundnut yields were high even when only 
smal l quant i t ies of fertil izers wh ich farmers can 
af ford to buy were appl ied. Therefore, higher 
fertil izer levels should increase yields even more. In 
t h e n u t r i e n t d e f i c i e n t s o i l s i n s o u t h e r n 
Mozambique, appl icat ion of s ingle superphosphate 
gave very high yields. 
If conc lus ive results are to be obta ined, fertil izer 
trials should be conduc ted on farmers ' f ields wi th 
low soil nutrient levels and not on research stat ions 
and state farms where soil nutr ient levels are 
higher. 
A c k n o w l e d g e m e n t 
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Table 5. Dry pod yield of groundnut on farmers' fields, 
1982 and 1983 seasons. 
Year 
1982 
1983 
Site No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Average 
1 
2 
3 
4 
5 
6 
Average 
Yield (kg/ha) 
Control 
1000 
900 
1200 
200 
80 
900 
1500 
2 0 0 0 
1000 
900 
968 
750 
1000 
950 
9 0 0 
486 
1636 
9 5 4 
Treated with 
40 kg/ha P2O5 
3 6 0 0 
3 5 0 0 
4 0 0 0 
1000 
900 
3 6 0 0 
3 5 0 0 
3 8 0 0 
3 4 0 0 
1900 
2 9 2 0 
2 5 0 0 
2 5 0 0 
2 5 0 0 
1500 
607 
3771 
2 2 3 0 
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Table 4. Soil analysis, Umbeluzi Research Station. 
Total N 
Organic matter 
Available P 
0.09% 
2.0-3.0% 
60-1 75 ppm 

Local and Exotic Groundnut Germplasm 
Collection and Evaluation 
In order to establ ish an act ive groundnut improve-
ment program in Mozambique, work on ge rmp lasm 
introduct ion and col lect ion was init iated by the 
Faculty of Agronomy and Forestry. This work 
started only a few years ago. However, the number 
of access ions obta ined is quite large so that a base 
for a research program and techno logy deve lop-
ment has been establ ished. The local ge rmp lasm 
was acqu i red through expedi t ions to the major 
groundnut growing areas in the country and 
through official contacts . The exot ic ge rmp lasm 
was sent to us on request by nat ional and interna-
t ional research organizat ions work ing with g round-
nut. The germp lasm is being mainta ined, mult ipl ied, 
evaluated, and documented . Some cult ivars that 
show high yield potential have been r e c o m m e n d e d 
for mult ip l icat ion and distr ibut ion to farmers. Thus, 
pract ical appl icat ion is made of the gene bank 
being deve loped by the Groundnut Improvement 
Project. 
* Groundnut Project Advisor and Plant Breeder, Agronomist , and Field Assistant, respectively. 
C.P. 257, Maputo, Mozambique. 
University Edurado Mondlane, 
International Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Summary 
In an effort to establish a Groundnut Breeding Program in Mozambique, a large number of acces-
sions of both local and exotic germplasm were collected in the major groundnut production zones of 
southern and northern Mozambique where a valuable source of genetic variability in this crop exists. 
The local accessions are a valuable asset to Mozambique which has suffered from consecutive 
droughts and flooding, resulting in genetic erosion of groundnut and other crops. Introductions of 
exotic germplasm have been made. These accessions are being screened and evaluated for yield 
and other agronomic characters so that their potential for breeding and commercial production can 
be established and recommendations for their utilization made. Preliminary data indicate that yields 
of exotic germplasm are higher in the north than in the south and that local germplasm has the same 
yield potential as the exotic germplasm. 
Breeding programs at their incept ion c a n fulfill their 
object ives through introduct ions of cul t ivars f rom 
other countr ies. (Hi ldebrand and Smartt 1980, 
Norden 1980). The Groundnut Improvement Pro-
jec t has explo i ted this possibi l i ty by in t roduc ing 
exot ic cul t ivars f rom the Internat ional Crops 
Research Institute for the Semi-Ar id Trop ics ( ICRI-
SAT), Southern and West Af r ica (Table 1). These 
cul t ivars were eva luated in southern and nor thern 
Mozambique. Prel iminary data indicate that cu l t i -
vars f rom West Af r ica and the USA per form wel l in 
nor thern Mozambique, but poorly in southern 
Mozambique (Tables 2 and 3). 
Col lec t ion o f Local G e r m p l a s m 
Local ge rmp lasm is a va luable source of genet ic 
variabil i ty f rom wh ich select ions of genotypes with 
speci f ic attr ibutes can be made. Thus, m u c h 
impor tance is a t tached to its co l lec t ion by p lanned 
expedi t ions to the main groundnut g rowing areas in 
the southern prov inces of Inhambane, Gaza, and 
Maputo, and in the northern pr iv inces of Nampu la , 
Zambezia , and Cabo Delgado. In the north, the 
ge rmp lasm col lec t ion was m a d e in co l laborat ion 
with ICRISAT and the Internat ional Board for Plant 
Genet ic Resources (IBPGR). Tab le 4 g ives data on 
the local access ions . In the prov ince of Inham-
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Table 1. Introduction of groundnut germplasm into 
Mozambique. 
Year of 
Introduction 
1976 
1976 
1979 
1979 & 1980 
1980 
1981 
1983 
Donor Country 
Senegal 
U. S. A. 
Malawi 
India (ICRISAT) 
Burkina Faso (IRHO) 
Tanzania 
Malawi (ICRISAT) 
No. of samples 
5 
2 
5 
86 
4 
7 
48 
Table 2. Yield of local and exotic cultivars in northern Mozambique. 
Cultivar 
57-422 
Florunner 
RMP 12 
Early Runner 
59-127 
69-101 
Napalala 
Mani Pintar 
Senegal 
Local 
Jonca2 
Tamnut2 
Starr2 
Maquiiovilha 
Local 
AC 207 
Ah 175 
Ipala local 
Origin 
Senegal 
USA 
Burkina Faso 
USA 
Senegal 
Senegal 
Mozambique 
Malawi 
Senegal 
Mozambique 
Mozambique 
Mozambique 
USA 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Yield of dried pods (kg/ha) 
Namialo 
1981 1982 
3611 1982 
3333 
3259 
2963 2963 
2796 
2333 
2278 
2206 
1556 
1500 
1230 
1060 
9 0 0 
8 8 0 
660 
6 6 0 
Napai 
1982 
650 
1780 
770 
600 
930 
360 
560 
380 
Rabaue1 
1983 
1600 
770 
1130 
650 
720 
6 8 0 
1. Shelled groundnut. 
2. Short-season cultivars. 
In t roduct ion o f G e r m p l a s m 
bane, especia l ly in the distr icts of Inharr ime, 
Inhambane, Mass inga, and Mor rumbene, very 
high genet ic variabil i ty was observed in the 
groundnut landraces g rown by the farmers (Mal i -
thano 1980). Select ions f rom these landraces are 
also very high yielding (Table 5). In northern 
Mozambique, the variabil i ty in the groundnut s a m -
ples co l lec ted was also very high. Al l the three 
different habit groups belonging to var. hypogaea 
(70%) and var vulgaris (30%) were found but var. 
fastigiata was not observed (Rao 1981). The h igh 
genet ic variabil i ty observed in groundnut landra-
ces g rown in Mozambique may be at t r ibuted to 
introgression of local landraces in t roduced f rom 
neighbor ing countr ies or to int roduct ions made 
over hundreds of years dur ing the colonia l era. 
Field co l lect ions were made at numerous sites to 
obtain germp lasm that was as genet ical ly d iverse 
as possible. Single plant sampl ing and co l lec t ion 
"en m a s s e " were both prac t iced. 
order of impor tance. T w o factors cont r ibu ted to 
genet ic eros ion: consecu t i ve droughts caus ing 
comple te c rop fai lure, fo l lowed by distr ibut ion of 
impor ted seed. Droughts have w iped out g roundnu t 
landraces in many parts of southern Mozambique , 
and in those areas where farmers were able to 
raise any groundnuts at all, co l lect ion was not pos-
sible due to scarci ty. In some parts of the north 
where there were no droughts it is still poss ib le to 
col lect groundnut germplasm. However , co l lec-
t ions made prior to the droughts are of great signif i-
cance to Mozambique in that the Groundnut 
Improvement Project has, a m o n g its access ions , 
genotypes and landraces that have been lost by 
farmers. 
Rapid Screening 
Seed increase is necessary before extens ive eva-
luation because the original seed sample of many 
access ions is very smal l . As a result there is a de lay 
of 2 -3 years before the access ions are thoroughly 
sc reened . The first seed increase al lows an ident i -
f icat ion based on a l imited number of charac te rs . 
Systemat ic evaluat ion, s tudying severa l cha rac -
ters in order to al low an exact ident i f icat ion of the 
access ions and to determine possib le dupl icates, 
was carr ied out at Umbeluzi Agr icul tural Research 
Station (Table 5). One hundred access ions of 
groundnut cult ivars, pure lines, and segregat ing 
mater ials were evaluated in a randomized c o m -
plete b lock with two repl icates. 
There were signif icant d i f ferences in many agro -
nomic charac ters such as yield, d isease resis-
tance , maturi ty, plant habit, number of pods per 
plant, number of seeds per pod, etc. (Table 5). T h e 
yields of the local access ions , especia l ly landraces 
f rom Inhambane, were quite high. The exot ic g e r m -
plasm showed res is tance to d iseases such as 
early and late leafspots, (Cercospora arachidicola 
[Hor i ] and Cercosporidium personatum [Berk, and 
Curt . ] Deighton) and to rust, (Puccin ia arachidis 
[Speg]) . The yield of the ear ly-matur ing cul t ivars 
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Table 3. Yield of local and exotic cultivars in southern 
Mozambique, 1 9 8 0 / 8 1 . 
Cultivar 
Bebiano Branco 
Tamnut1 
55.437 
Malimba1 
Bebiano Encarnado1 
Starr1 
73 .301 1 
RMP 12 
69.101 
57.422 
Florunner 
73.331 
Mwitunde 
Mani Pintar 
Origin 
Local 
USA 
Senegal 
Malawi 
Local 
USA 
Senegal 
Burkina Faso 
Burkina Faso 
Burkina Faso 
USA 
Senegal 
Malawi 
Malawi 
Yield (kg/ha) 
dried kernels 
262 
219 
212 
210 
182 
155 
187 
87 
78 
60 
59 
48 
31 
18 
1. Short-season cultivars. 
G e r m p l a s m Evaluat ion 
All access ions pass through a sequence of eva lua-
t ion procedures wh ich are still being per fec ted. In 
general , the access ions are sc reened , the best 
cul t ivars are tested at different si tes wi th and wi th-
out inputs, and finally, on- fa rm trials of the best 
cul t ivars are conduc ted . 
G e n e t i c Eros ion 
Genet ic eros ion has reduced genet ic variabi l i ty of 
Mozambique groundnuts signif icant ly in recent 
years. The degree of genet ic eros ion var ies f rom 
p lace to p lace, but i t is most severe in the southern 
prov inces of Inhambane, Gaza, and Maputo, in that 
Table 4. Local germplasm collected in Mozambique. 
Date 
Collected 
Nov 1978 
April 1981 
1973-74 
April 1981 
Place 
Nampula 
Corane 
Lirnpo-Naula 
Napai 
Amperini 
Namiropera 
Namilero 
Itoculo 
Kaleni 
Mendazi 
Natikiri 
Mativase 
Matamande 
Lallawa 
Mupase 
Malema 
Mutuari 
Lurio 
Mecanhelas 
Natakine 
Namahitu 
Livia 
Rombe 
Tavela 
Chaenda 
Guereguere 
Bive 
Maecuia 
Mocuba 
Celula do Mapira 
Mutange 
Ceracero de Mocubela 
Vila do Mocubela 
Mucubela 
Oualivia 
15 km de Mucubela-Mana 
Mani 
Mucheba 
Chalapla 
Momba-Alto Molucue 
Namuja 
Gile 
15 km Gile-A Molucue 
Province 
Nampula 
Niassa 
Nampula 
Zambezia 
No. of 
samples 
93 
7 
9 
14 
3 
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Continued 
Table 4. Continued 
Date 
Collected 
April 1974 
Place 
Celula Namucha 
Naniope 
Naheje 
Mahegua 
Nahavara 
Marelo 
Celula Magodone 
Celula Nusseia 
Mocurrugue 
Mualama 
Celula Gigiebe 
Celula Namaroi 
Majiga 
Metelani 
Mucubela 
Celua Magene 
9 km from Namegonia 
Paevounha 
Luluti 
Mulessari 
2 km from Nametil Muatua 
Namecunta-Meconta 
Marcia 
Nicarroa 
Nampula 
Namialo 
Nacivara 
Tuane 
Incaia 
Mahungu 
Chihissa 
Inhambane 
Province 
Zambezia 
Nampula 
Zambezia 
Nampula 
Cabo-Delgado 
Gaza 
Inhambane 
Total 
No. of 
samples 
1 
2 
1 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
1 
1 
2 
1 
4 
1 
5 
1 
2 
216 
was higher than that of the late-matur i f tg ones. 
There is, therefore, a need to conduc t mul t i -
locat ion trials in order to accurate ly eva luate the 
germp lasm. 
Variety Yield Trials 
These were conduc ted in the north and south. 
Long-season cul t ivars were tested only in the nor th 
where the rains are regular and pro longed. The 
introduct ions f rom West Af r ica and the USA y ie lded 
over 3000 k g / h a without chemica l appl icat ion 
(Table 2). 
Shor t -season cul t ivars were eva luated in both 
the north and south. Yields were higher in the north 
(Tables 2 and 3). 
Advanced Variety Yield Trials 
Cult ivars that per formed wel l in the variety y ie ld 
tr ials were tested further at dif ferent locat ions 
under var ious farming systems. Soil nutr ients were 
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Table 5. Evaluation and characterization of groundnut germplasm at Umbeluzi, 1 9 8 2 / 8 3 crop season. 
Cultivar 
Chinjinguiri 
NAc 2748 x Chico 
Seleccao Homoine 
2.5 x Chico 
Te 3 
Ah 202 
Ah 134 
Matimule 
Ah 192 
CN 115B 
MH1 x SM5 
Inhambane 
796 
69 63 2.5 
Morrumbene 
Ah 8 2 5 4 x MH2 
Argentina x Chico 
Valencia 
Ah 229 
15714 
White Spanish 
Spanish 18-38 
Gaug 1 x Starr 
RPM 68 
MH1 x MH2 
Robut 33-1 
Ah 6 2 7 9 x Spancross 
Virginia R 26 
A M / 6 6 5 
Ah 139 
69 62 2.5 
Janjuro 
Natal Common 
Chibututuine 
CN 94C 
Starr 
Tamnut 
Ah 140 
Jouca 
Bebiano Branco 
RPM 128 
72-R x Chico 
Southeast 
Origin 
Mozambique 
ICRISAT 
Mozambique 
ICRISAT 
Burkina Faso 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Burkina Faso 
ICRISAT 
Mozambique 
India 
Tanzania 
Mozambique 
ICRISAT 
ICRISAT 
USA 
Mozambique 
Senegal 
USA 
USA 
ICRISAT 
Mozambique 
ICRISAT 
India 
ICRISAT 
USA 
USA 
Mozambique 
Tanzania 
Mozambique 
South Africa 
Mozambique 
Burkina Faso 
USA 
USA 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
ICRISAT 
USA 
Days to 50% 
flowering 
29 
28 
28 
35 
31 
32 
29 
33 
30 
29 
33 
32 
26 
32 
28 
30 
33 
33 
28 
30 
40 
29 
28 
28 
32 
35 
36 
32 
30 
33 
30 
29 
28 
32 
32 
33 
33 
28 
31 
32 
35 
29 
36 
Days to 
maturity 
120 
102 
105 
104 
117 
104 
104 
102 
105 
104 
103 
102 
114 
100 
110 
104 
104 
110 
105 
109 
106 
106 
110 
110 
102 
120 
100 
100 
98 
114 
106 
112 
112 
104 
104 
110 
110 
119 
105 
112 
110 
103 
103 
Growth 
habit 
SE 
E 
E 
E 
E 
E 
E 
SE 
P1 
E 
E 
E 
E 
E 
SE 
E 
E 
SE 
E 
E 
E 
E 
E 
E 
E 
VB 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
SE 
E 
E 
E 
E 
E 
Pods/ 
plant 
43 
21 
27 
61 
42 
29 
35 
41 
26 
28 
22 
48 
14 
26 
36 
21 
36 
53 
45 
39 
33 
45 
--
41 
39 
18 
--
46 
38 
26 
29 
28 
30 
4 0 
23 
38 
37 
35 
28 
4 3 
26 
39 
4 8 
Seeds/ 
pod 
2 
2-3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2-3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Yield 
(kg/ha) 
2 1 8 6 
1897 
1875 
1858 
1811 
1797 
1725 
1719 
1685 
1669 
1653 
1639 
1637 
1625 
1606 
1597 
1592 
1576 
1561 
1558 
1525 
1519 
1508 
1503 
1494 
1486 
1481 
1472 
1456 
1447 
1447 
1406 
1400 
1397 
1392 
1376 
1376 
1362 
1357 
1340 
1339 
1303 
1303 
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Continued 
Continued 
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Cultivar 
FESR-8P 12-B1-B1-B1 
69.29.2 
6 6 8 / 7 3 
Ah 223 
Inhambane A 
Ts 18-1 
Ah 188 
Guipombo 
Comet x MH2 
FESR-8P 12-B1+B1+B1+B1 
PI 337407 
Malimba 
Tatui 
Ah 126 
KH 197A 
2.5 x P1 259747A 
CHONGOENE 57A 
57-422 
Ah 6279 x TG-16 
CN 1 16A 
Ah 168 
69.99.1.2.4 
JH 60 x PI 279748 
69.17.6 
TMV4 x Chico 
Ah 65 x Chico 
Ah 123 
JH 171 x Chico 
69.351 
FESR 5P 12-B1+B1+B1 
TS 32-1 
Ah 143 
KH 241 D 
Mafassane 
Ah 195 
Ah 209 
Ah 196 
FESR-8P 11+B1+B1+B1 
Marracuence A 
FESR-P11-B2+B1+B1 
AH 151 
Ah 138 
Ah 181 
Ah 207 
Origin 
ICRISAT 
Tanzania 
Zimbabwe 
Mozambique 
Mozambique 
Burkina Faso 
Mozambique 
Mozambique 
ICRISAT 
ICRISAT 
ICRISAT 
Malawi 
USA 
Mozambique 
Burkina Faso 
ICRISAT 
Mozambique 
Senegal 
ICRISAT 
Burkina Faso 
Mozamque 
Tanzania 
ICRISAT 
Tanzania 
ICRISAT 
ICRISAT 
Mozambique 
ICRISAT 
Tanzania 
ICRISAT 
Burkina Faso 
Mozambique 
Burkina Faso 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
ICRISAT 
Mozambique 
ICRISAT 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Days to 50% 
flowering 
34 
30 
32 
32 
29 
34 
28 
33 
34 
29 
34 
33 
35 
36 
30 
39 
36 
29 
32 
32 
32 
37 
32 
30 
32 
35 
28 
33 
36 
34 
37 
37 
38 
39 
4 0 
32 
32 
35 
31 
37 
37 
Days to 
maturity 
114 
110 
104 
103 
103 
103 
110 
100 
102 
104 
104 
117 
116 
105 
120 
104 
104 
105 
100 
104 
110 
110 
110 
110 
102 
104 
100 
110 
117 
118 
121 
115 
113 
110 
113 
110 
110 
117 
115 
115 
150 
Growth 
habit 
E 
E 
E 
E 
E 
E 
E 
E 
SE 
E 
E 
SE 
P1 
E 
SE 
E 
D3 
E 
E 
D3 
E 
E 
E 
E 
D1 
D1 
SE 
E 
P1 
E 
D2 
SE 
SE 
E 
D1 
P1 
D2 
SE 
E 
D1 
D1 
D1 
P1 
Pods/ Seeds/ 
plant 
36 
14 
53 
24 
32 
42 
36 
26 
32 
3 0 
49 
29 
5 
53 
17 
18 
31 
6 
22 
22 
22 
6 
13 
34 
37 
10 
21 
7 
36 
39 
10 
8 
19 
40 
24 
6 
6 
34 
25 
pod 
2 
2 
2-3 
2 
2 
2 
2 
2 
2 
2 
2 
2-3 
2 
2-3 
2 
1-3 
2 
2 
2 
2 
2-3 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2-3 
2 
2 
2 
2 
Yield 
(kg/ha) 
1300 
1272 
1272 
1272 
1225 
1180 
1178 
1172 
1161 
1161 
1117 
1094 
1089 
1075 
1064 
1064 
1033 
1011 
972 
9 5 0 
942 
911 
908 
906 
878 
875 
861 
806 
8 0 0 
786 
766 
693 
6 8 0 
667 
661 
627 
603 
581 
558 
5 4 4 
542 
4 5 4 
439 
4 0 7 
Table 5. Continued 
This is the f inal s tage where cul t ivars are tested on 
the farm under ac tua l g rowing condi t ions. The cul-
t ivars were tested on State and Coopera t ive fa rms 
using high input techno logy such as mach inery , 
irr igation, and ferti l izers. The first of these trials was 
conduc ted dur ing the 1 9 8 2 / 8 3 growing season on 
Timor Leste farm located in the val ley of the River 
Umbeluzi . Only two local cul t ivars, Beb iano Branco 
and Mur rumbene were tested. A t ractor p repared 
the land and the c rop was fert i l ized and irr igated. 
The season was very dry and e lsewhere the 
groundnut c rop fai led complete ly . The yield on this 
fa rm averaged only 1000 k g / h a s ince irr igation 
was very irregular because the river was very low. 
These cul t ivars were further tested dur ing the 
1 9 8 3 / 8 4 g row ing season on 20 ha a t Sabie. The 
soi ls were light to sandy and both irr igation and 
ferti l izers were appl ied. Yields ave raged 2 0 0 0 
k g / h a . 
T w o exot ic cul t ivars, RMP-12 and Natal C o m -
m o n , we re tes ted a t C h o k w e under h igh input t e c h -
nology on med ium to heavy soils. Usefu l 
in format ion on the use o f the seed dril l was 
obta ined. For example , i t w a s easy to dri l l the smal l 
seeds of Nata l C o m m o n , but w a s diff icult wi th the 
large seeds of RMP 12. Data on the pe r fo rmance of 
these cul t ivars are not avai lable s ince the c rop has 
not yet been harvested. 
Cul t ivars tes ted on cooperat ives y ie lded better 
than on State farms. Single superphosphate at 40 
k g / h a P 2 O 5 y ie lded 3500 k g / h a o f unshel led 
groundnuts , three t imes the yield of cont ro l plots 
(Ramanaiah et al. 1984). 
Test ing the low input techno logy of the smal l 
farmer has not yet begun because this requires a 
wel l organized extens ion serv ice, t ra ined person-
nel, and transport , all of wh ich are lack ing at the 
moment . Future variety test ing will a lso invest igate 
consumer acceptabi l i ty . 
The research work presented in this paper was 
made possible through f inancia l support f rom the 
Universi ty Eduardo Mond lane and the Internat ional 
Deve lopment Research Centre, Canada, to w h o m 
we are grateful . 
Hildebrand, G.L., and Smartt, J. 1980. The utilization of 
Bolivian groundnut (Arachis hypogaea) germplasm in 
Central Africa. Zimbabwe Journal of Agricultural 
Research 18:39-48. 
Malithano, A.D. 1980. Annual report of the Groundnut 
Improvement Project. Maputo, Mozambique: University 
Eduardo Mondlane. 
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A c k n o w l e d g e m e n t 
Table 5. Continued 
Cultivar 
Ah 137 
Ah 147 
Marracuence B 
Ah 232 
Napalala 
Ah 150 
Tomo 
Origin 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Mozambique 
Days to 50% 
flowering 
32 
34 
32 
36 
29 
35 
41 
Days to 
maturity 
116 
116 
104 
105 
130 
116 
130 
Growth 
habit 
D3 
SE 
D1 
D3 
D1 
D1 
Pods/ 
plant 
10 
5 
49 
15 
7 
50 
Seeds/ 
pod 
1-3 
2-3 
2 
2-3 
2-3 
1-3 
2-3 
Yield 
(kg/ha) 
4 0 4 
3 4 4 
333 
281 
264 
2 6 0 
253 
D = Decumbent, E - Erect, P - Procumbent, VB - Virginia Bunch, SE - Semi-erect. 
R e f e r e n c e s 
On-farm Trials 
very h igh at the research stat ions a n d there was no 
yield response to ferti l izers. However , whe re z inc 
and phosphorus were def ic ient , t reated plots 
y ie lded higher than the cont ro ls (Ramana iah et a l . 
1984). In southern Mozamb ique where light and 
sandy soils are predominant , g roundnuts inter-
c ropped wi th cassava y ie lded better than g round-
nuts in tercropped wi th maize (unpubl ished data). 
Norden, A.J. 1980. Crop improvement and genetic 
resources in groundnuts. Pages 515-523 in Advances in 
legume science (Sumerfield, R.J., and Bunting, A.H., eds.). 
Kew, Surrey, UK: Royal Botanic Gardens. 
Ramanaiah, K.V., Malithano, A.D., and Chilengue, 
B.S. 1984. Effect of fertilizers on tire yield of groundnut in 
Mozambique. Pages 67-69, these Proceedings. 
Rao, V.R. 1981. Germplasm collection mission to 
Mozambique. Genetic Resources Unit Progress Report 
no. 35. Patancheru, A.P. 502 324, India: International 
Crops Research Institute for the Semi-Arid Tropics. 
(Limited distribution.) 
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Discussion on Mozambique Papers 
Mtika: How are groundnuts sown in M o z a m -
bique, and how is the weed ing operat ion car r ied 
out? 
Ramanaiah: Sowing is done by hand. Weed ing 
may be done by hand hoe or with an ima l -d rawn or 
t rac tor -drawn equipment . Herb ic ides are not used. 
Doto: I t appears that your varietal evaluat ion 
trials are car r ied out in one area of Mozambique , 
whi le most groundnuts are g rown in other areas. 
Cou ld you please c o m m e n t on this? 
Ramanaiah: Your s ta tement is not str ict ly a c c u -
rate. Due to shor tage of seed of in t roduced cu l t i -
vars these are mult ipl ied in one p lace and initial 
observat ions made. Exper iments are later car r ied 
out in both north and south of the country. Secur i ty 
prob lems current ly restr ict a c c e s s to cer ta in parts 
of the country. 
Doto: I recognize that the trials were carr ied out 
at a number of si tes but these tended to be on more 
ferti le soils and it is necessary that the mater ia l 
shou ld a lso be se lec ted on other soi ls. 
Taylor: The responses to phosphate on the o n -
farm trials are as large as I have seen anywhere . Do 
you think that any e lement other than phosphorous , 
e.g., ca lc ium or sulphur, cou ld have in f luenced the 
resul ts? Were any other factors involved? 
Ramana iah : In trials on fa rmers ' f ields the 
responses to phosphate and gypsum were str iking. 
Soil moisture was opt imal on the sites. 
Kelly: How were coopera t ive fa rmers chosen? 
What prob lems were encoun te red in running tr ials 
on farmers ' f ie lds? 
Ramana iah : Three years ago there was resis-
t ance f rom farmers as they suspec ted the Program 
was at tempt ing to take over their land. Con f idence 
was gradual ly deve loped and the Ministry of Agr i -
cu l ture initially dona ted the seed and fertilizer. 
Small plot trials are now readily accep ted in the 
vi l lages. Farmers now pu rchase their own ma te -
rials but the Ministry of Agr icu l ture cove rs the risk of 
c rop fai lure. 
Riley: From the data presented i t wou ld appear 
that cul t ivar RMP 12 is a low yielder. Why did you 
persist in import ing and mult ip ly ing it? 
Ramana iah: On the basis of adv ice f rom the 
French adviser the cul t ivar RMP 12 was impor ted 
f rom West Af r ica for mult ip l icat ion. 
N i g a m : How ser ious a prob lem is rust d isease? 
Leaf spots have not been ment ioned. A re they 
important? 
Monjana: Rust d isease is c o m m o n on g round-
nuts in Mozambique but not ser ious. No loss eva l -
uat ion has been at tempted. Leaf spots occu r but 
have not been found to be ser ious. The most impor-
tant d isease prob lem is rosette. 
Edje: Why do farmers prefer high yield per plant 
to high yield per unit of land area? 
Monjana: Yield per plant is important because 
seed is in very short supply in the country . 
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Groundnut Breeding and Improvement Programs 
in Tanzania 
F.F. Mwenda* 
This paper indicates constraints in groundnut production in Tanzania and describes past and 
present breeding programs for groundnut improvement Data on germplasm evaluation trials are 
provided. 
In Tanzania groundnuts are g rown by the smal l 
farmer and are one of the major raw mater ials for 
edible vegetab le oils in the country. Yields are low 
because ferti l izer and other chemica l inputs are 
rarely used and seed of improved cult ivars is not 
avai lable. D iseases are another factor l imit ing 
y ield, e.g., leafspot and rust together a c c o u n t e d for 
3 5 % yield loss at Nal iendele in the 1 9 8 2 / 8 3 
season. 
The two main groundnut growing zones have 
different rainfall amounts and distr ibut ion dur ing 
the growing season. One zone covers the Mtwara, 
R u v u m a , K i g o m a , S h i n y a n g a , a n d M w a n z a 
regions, where rainfall is un imodal f rom O c t o b e r / 
November to M a y / J u n e , with a brief dry spel l of 
f rom a few days to a few weeks in January or 
February. The second zone has a b imodal rainfall 
distr ibut ion, wi th short rains in N o v e m b e r / D e -
cember and long rains sui table for most c rops f rom 
March to M a y / J u n e . This zone covers the Moro -
goro, Centra l , and nor theastern parts of the 
country. 
A l though there is no conc lus ive ev idence of c u l -
t ivar x site interact ions, breeding object ives are to 
identify cul t ivars sui table to the two zones. T h e 
overal l ob ject ives of the breeding p rogram at 
Nal iendele are: 
• To assemble a large number of local and exot ic 
genotypes and thus expand the genet ic base . 
• To identify and deve lop h igh-y ie ld ing cul t ivars 
sui ted to the main groundnut g rowing areas of 
the country. 
• To incorporate genes for res is tances to major 
d iseases, e.g., leafspots, rust, and rosette. 
• To identify and incorporate genes for d rought 
to lerance. 
This report g ives a brief summary of prev ious 
breeding work, the current program, and progress 
made so far at Nal iendele. 
Groundnut breeding in Tanzania star ted in the late 
1940s at Nach ingwea in southeast Tanzan ia at the 
t ime of the Groundnut Scheme. Records of ear ly 
research are scanty, but Red Mwi tunde a n d Natal 
C o m m o n were r e c o m m e n d e d to farmers . T h e n as 
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26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
Previous Breed ing W o r k 
Summary 
now, the shor t -season Spanish g roup did better 
than the long-season Virginia types (Table 1). Red 
Mwi tunde is still the cul t ivar most wide ly g rown in 
Mtwara and Lindi regions of southern Tanzania . (A 
new cul t ivar has n o w been re leased and r e c o m -
mended to be g rown a long with Red Mwin tunde for 
the same regions). Most groundnut b reed ing work 
ceased with the co l lapse of the Groundnut S c h e m e 
and did not begin aga in unti l the late 1960s w h e n 
the Ministry of Agr icu l ture init iated groundnut 
research work at Mwanza in western Tanzan ia . 
The emphas is then was on nat ional co l lec t ion , 
evaluat ion, and ma in tenance of local cul t ivars as 
wel l as se lect ion f rom inher i ted cul t ivars. Records 
of that research are a lso very scanty . Many of the 
local cul t ivars co l lec ted were lost w h e n groundnut 
research work was t ransfer red f rom Mwanza to 
Nal iendele in southern Tanzan ia in the ear ly 1970s. 
Most of the mater ia l eventual ly recovered at 
Nal iendele w a s Natal C o m m o n , Red Mwi tunde, 
and se lect ions f rom shor t -season cul t ivars of the 
Spanish a n d Valencia groups, inc lud ing se lec t ions 
f rom Natal C o m m o n (69.62.2.5 and 69.63.2.5). 
Except for Red Mwi tunde the mater ia l used for 
g roundnut research at Nal iendele up to 1978 w a s 
se lect ions f rom shor t -season cul t ivars wh i ch a re 
still not favored by most smal l fa rmers in Tanzania . 
This may expla in in part why none of the se lec-
t ions had been r e c o m m e n d e d a l though most o f 
t hem outy ie lded both Red Mwin tunde and Natal 
C o m m o n . Tab le 2 summar izes prel iminary y ie ld 
tests of some promis ing se lect ions for the 1 9 7 4 / 7 5 
and 1 9 7 5 / 7 6 seasons, and o f an a d v a n c e d yie ld 
test of the more promis ing se lect ions for the 
Table 1. Groundnut variety trial. Namanga (southern province) 1948-49 season. 
Cultivars 
Long-season runner types 
Kongwa Pink 
Kalandi Kwanza 
Tanganyika X 
Kutembaa 
Tanganyika Y. 
Mean 
Long-season bunch types 
Wima 
Kanyoma 
Mwitunde Ukiri 
Mgongo Nzega 
Virginia 
Mean 
Short-season bunch types 
Barberton 
Spanish 
Natal Common 
Kidang 
Manyema Tabora 
Manyema Tanganyika M. 
Manyema Nzega 
Valencia Tabora 
Valencia Ukiriguru 
Valencia 2 
Mean 
Plants per hectare 
('000) 
87.3 
51.0 
47.4 
78.4 
50.8 
68.0 
72.2 
37.9 
70.4 
48.6 
34.5 
53.1 
102.7 
99.9 
74.2 
101.4 
85.8 
102.2 
101.2 
107.6 
101.9 
82.1 
76.1 
Kernels 
(kg/ha) 
1059 
938 
903 
757 
749 
881 
733 
725 
673 
609 
416 
632 
1463 
1401 
1396 
1309 
1248 
1215 
1157 
1102 
1022 
912 
1223 
Oil content 
(%) 
43.3 
42.1 
43.2 
43.8 
43.3 
43.1 
43.7 
43.5 
45.1 
41.2 
41.2 
43.0 
46.4 
45.8 
45.4 
43.7 
45.2 
43.7 
43.7 
45.4 
43.8 
44.4 
44.6 
Oil 
(kg/ha) 
4 5 9 
3 9 4 
3 9 0 
331 
3 2 4 
3 8 0 
321 
315 
302 
172 
172 
272 
679 
642 
634 
572 
564 
531 
531 
501 
437 
4 0 5 
547 
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1 9 7 7 / 7 8 season a t Nal iendele. No se lect ion c o n -
sistently outy ie lded all others, but over the three 
seasons a se lect ion f rom Natal c o m m o n , 69.62.2.5, 
s e e m e d on average to do better than the rest. 
A major thrust in groundnut breeding and improve-
ment began in 1978 w h e n the Oi lseeds Research 
Project was started. With better funding and more 
staff, major improvements b e c a m e possib le: 
• Acquis i t ion of breeding mater ial by importat ion 
and se lect ion. 
• Expansion of the regional variety trials network. 
• More extens ive evaluat ions of cul t ivars. 
• Col lect ion of local cul t ivars g rown in Tanzania. 
New Accessions and Selections 
Table 3 lists groundnut genotypes co l lec ted local ly 
and impor ted between 1978 and 1983. The mate-
rial provides a wide range of useful character is t ics 
f rom high-y ie ld ing l ines to those repor ted to have 
res is tances to important d iseases. Most of these 
access ions are still in the observat ion and mult ipl i -
cat ion stages but some wh ich have shown promise 
have been inc luded in prel iminary yield tests at 
Nal iendele or in regional cult ivar trials. Tab le 4 
shows observat ions on 21 access ions in the 
1 9 8 2 / 8 3 season. From these access ions , Span-
cross ( f rom the USA) was re leased and r ec om-
mended to farmers in Mtwara and Lindi regions in 
1983 after 3 years in repl icated trials. 
Scarce ge rmp lasm l imited select ion work in the 
early years of the program, but more se lect ions are 
current ly being made, especia l ly f rom ICRISAT 
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Table 2. Preliminary yield trials 1 9 7 4 / 7 5 and 1 9 7 5 / 7 6 seasons, advanced yield trial 1 9 7 7 / 7 8 season, all at 
Naliendele. 
Entry 
69 .35a . 1.4 
6 9 . 9 9 . 1-2.4 
69. 15.3 
69. 29. 2 
70. 1. 1. 1 
69. 17. 1 
69. 17 .5 
69. 62. 2. 5 
Red Mwitunde 
69. 63. 8. 5 
7 6 . 7 . 3 
Natal Common 
NWS 7 
NWS 11 
69. 13a. 4 
69. 48. 1 
70. 16 .3 
6 9 . 8 7 . 1 
6 9 . 2 5 . 2 
6 9 . 9 9 . 1-2.6 
Mean 
Botanical group 
SP 
Va 
SP 
SP 
Va 
SP 
SP 
SP 
Va 
SP 
SP 
SP 
Va 
Va 
SP 
Va 
SP 
SP 
Va 
1974/75 
1184 
1139 
865 
946 
833 
931 
833 
824 
667 
787 
821 
762 
672 
527 
536 
547 
545 
449 
428 
303 
730 
Kernels (kg/ha) 
1975/76 
629 
267 
629 
600 
545 
840 
378 
883 
153 
576 
465 
265 
136 
207 
289 
272 
265 
554 
251 
222 
455 
1977 /78 
928 
821 
959 
1092 
777 
1042 
1042 
1179 
391 
713 
743 
852 
877 
C u r r e n t P r o g r a m s 
Table 3. New groundnut accessions received between 1978 and 1983. 
Country 
USA 
Bolivia 
Brazil 
India (ICRISAT) 
Indonesia 
Kenya 
Malawi 
Mozambique 
Senegal 
Zambia 
Zimbabwe 
Selections 
Local cvs. 
Others 
Total 
Growth Habit 
Runner 
11 
0 
0 
85 
0 
2 
0 
0 
1 
2 
0 
-
22 
123 
Spanish bunch 
9 
1 
0 
154 
0 
4 
1 
3 
4 
7 
17 
-
43 
ICRISAT crosses 
243 
Virginia bunch 
27 
0 
1 
295 
1 
8 
0 
5 
3 
19 
14 
30 
52 
465 
Total 
57 
1 
1 
534 
1 
14 
1 
8 
8 
28 
31 
30 
117 
45 
876 
Table 4. Evaluation of groundnut accessions at Naliendele 1 9 8 2 / 8 3 season. 
Entry 
Pronto 
MGS 8 x Robut 33-1 
Rasawanira 
Madi 
M H - 2 
Njombe 3 
Virginia bunch 
Sootm Basi Runner 56-15 
280 /71 
Miptaye 
Tifspan 
Robut 33-1 x NCA 2698 
Chihangu 
5 7 - 4 2 2 
Chaiu 
Texas Peanut 
310 /66 
7 3 - 3 0 
Sigaro Pink 
Chico 
Dixie Runner 
Red Mwitunde 
Spancross 
Growth 
habit1 
EB 
E B - S B 
SB 
EB 
EB (DWARF) 
R 
SB 
R 
EB 
EB 
EB 
SB x EB 
R 
SB 
EB 
EB 
EB 
EB 
SB 
EB 
R 
SB 
EB 
Kernels 
(kg/ha) 
1966 
1723 
1570 
1551 
1382 
1377 
1282 
1282 
1251 
1212 
1209 
1208 
1208 
1180 
1175 
1170 
1165 
1559 
1159 
1141 
1094 
8 5 0 
1310 
Shelling 
(%) 
75.2 
70.0 
66.9 
70.5 
72.0 
67.5 
71.2 
65.4 
73.6 
68.1 
73.7 
74.8 
67.1 
66.3 
66.0 
65.0 
71.9 
69.0 
66.1 
72.2 
63.6 
58.5 
74.5 
100 Kernel 
weight (g) 
40.8 
50.4 
48.6 
31.8 
31.5 
49.0 
55.3 
43.4 
35.0 
39.0 
34.9 
46.3 
41.5 
52.5 
46.1 
38.8 
34.3 
37.5 
43.5 
28.2 
40.3 
42.9 
35.6 
1. EB = Erect bunch; SB = Spreading bunch; R = Runner. 
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Evaluat ion of new mater ia l is done first in smal l 
unrepl icated plots. Promis ing cul t ivars and l ines 
are inc luded in prel iminary yield tests at Nal iendele 
and its substat ion at Nach ingwea. Results of pre-
l iminary yield tests in 1983 are g iven in Tab le 5. 
Elite mater ia ls f rom these tests are inc luded in the 
regional variety trials. Because there are indica-
t ions of cult ivar x site interact ion, prel iminary y ie ld 
tests have been ex tended this season to cover 
locat ions representat ive of the different ag roeco -
logical zones of the count ry in an at tempt to identify 
cul t ivars sui table to these zones. 
the country. The number of cul t ivars that have gone 
into these trials has var ied f rom year to year, but 
has a lways inc luded promis ing cul t ivars f rom the 
three major botanica l g roups: Spanish, Valencia, 
and Virginia. Tab les 6 and 7 g ive kernel y ie lds f rom 
some of the sites for the 1 9 7 9 / 8 0 and 1 9 8 2 / 8 3 
seasons respect ively. At all sites where tests were 
conduc ted the shor t -season cul t ivars of the Span-
ish and Valencia groups outy ie lded the long-
season Virginia types. 
Efforts to col lect local ge rmp lasm have been hin-
dered by lack of t ransport . Tab le 3 lists the cur rent 
co l lec t ion of 117 local cul t ivars wh ich are main ly 
f rom the southern regions of the country. Th is co l -
lect ion indicates that all major botanica l g roups are 
g rown in the country. Table 8 summar izes the per-
fo rmance of representat ives of e a c h group c o m -
pared to the local contro l Red Mwi tunde, and 
Spancross, the best y ielder of the Spanish group. 
Table 5. Preliminary groundnut variety trials 1 9 8 2 / 8 3 . 
Entry 
Robut 33-1 
Spancross 
6/77 
69.62.2.5 
69.99.1.2.6 
70.1.1.1 
JACNA 
668 /73 
Valencia R2 
9 /7 /26 
183/66 
Mani Pintar 
Red Mwitunde 
Lindi 
Apollo 
Egret 
Mean 
S.E. 
Naliendele 
Kernels 
(kg/ha) 
1324 
1310 
1139 
1039 
1006 
930 
822 
822 
767 
657 
505 
503 
486 
466 
398 
347 
783 
55.6 
Shelling 
(%) 
66.8 
74.1 
66.2 
68.1 
65.8 
66.5 
54.7 
58.0 
63.0 
55.0 
45.3 
58.4 
54.0 
50.6 
47.8 
44.2 
58.7 
2.98 
100 Kernel 
weight (g) 
45.7 
35.1 
38.7 
37.6 
45.1 
41.4 
45.1 
38.9 
42.9 
38.5 
44.3 
54.8 
42.8 
50.4 
49.2 
50.1 
48.8 
1.66 
Nachingwea 
Kernels 
(kg/ha) 
1638 
1838 
1488 
1740 
1468 
1455 
1505 
1398 
1456 
1353 
1344 
1361 
1394 
1230 
1302 
1572 
1471 
92.0 
Shelling 
(%) 
71.4 
74.1 
68.5 
72.6 
66.7 
66.8 
70.5 
66.3 
67.0 
66.1 
62.8 
69.4 
64.6 
60.1 
65.5 
64.1 
67.3 
1.21 
100 Kernel 
weight (g) 
49.8 
36.9 
42.6 
40.3 
44.4 
45.1 
54.2 
45.2 
41.3 
47.2 
59.9 
57.0 
49.8 
63.1 
62.5 
63.7 
50.2 
1.42 
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National Collections 
segregat ing mater ials, for l ines with high yield and 
res is tance to leafspot and rust. 
Evaluation 
Regional Variety Trials 
The network of regional variety trials has been 
great ly ex tended in the past 5 years and test si tes 
now cover most of the groundnut g rowing areas of 
Table 6. Kernel yields (kg/ha) of 1 9 7 9 / 8 0 groundnut variety trials. 
Entry 
69. 62. 2. 5 
69. 15 .3 
70. 1. 1. 1 
6 9 . 9 9 . 1 .2 .4 
69. 29. 2 
69. 63. 2. 5 
Natal Common 
69 .35a . 1.4 
69. 17 .6 
Local 
Site Mean 
S.E 
Ndengo 
903 
1005 
1190 
935 
8 5 5 
8 8 0 
1013 
827 
8 3 4 
-
938.0 
76.6 
Suluti 
798 
584 
5 1 4 
7 7 0 
8 1 8 
4 8 4 
7 9 0 
588 
6 1 0 
2 8 0 
762.6 
71.6 
Utengule 
808 
967 
696 
879 
866 
788 
861 
4 6 7 
867 
409 
976.8 
94.8 
Mtowa 
1600 
1520 
1600 
1300 
1140 
1160 
-
1560 
1120 
-
141.2 
-
Entry mean 
1027 
1019 
1000 
971 
9 2 0 
9 0 3 
8 8 8 
861 
8 5 8 
345 
C o n c l u s i o n s 
I t is ev ident f rom this paper that cons iderab le pro-
gress has been m a d e in assembl ing and evaluat ing 
both local and exot ic mater ia l . This prov ides s c o p e 
for further improvements th rough breed ing as our 
ge rmp lasm resources expand . 
The present ob ject ive of ident i fy ing cul t ivars 
sui table for dif ferent agroeco log ica l zones wil l 
involve extens ive eva luat ion of a large number of 
cul t ivars in severa l locat ions representat ive of the 
major zones, but is l imited at present by the dis-
tances involved. Another a rea of impor tance is the 
co l lec t ion of local cul t ivars. Major const ra in ts to 
this have been ment ioned above, but coopera t ion 
wi th the Crop Sc ience Depar tment of the Universi ty 
of Dar es Sa laam in assembl ing local mater ia ls will 
be encou raged , and our o w n efforts inc reased. 
Table 7. Kernel yields (kg/ha) of 1982 /83 regional groundnut variety trial. 
Entry 
Spancross 
6 9 . 6 2 . 2 . 5 
69 .99 . 1.2.6 
70. 1. 1. 1 
Valencia R2 
Red Mwitunde 
Lindi 
Mani Pintar 
Egret 
Mean 
S.E. 
Sites 
NAM 
1838 
1888 
1826 
1728 
1613 
1750 
1878 
1695 
1970 
1800 
183.2 
NAC 
1838 
1740 
1468 
1455 
1456 
1394 
1236 
1361 
1572 
1502 
92.0 . 
NAN 
1784 
1634 
1434 
1262 
1056 
874 
636 
754 
-
1179 
-
NAL 
1310 
1039 
1006 
9 9 3 0 
7777 
486 
466 
503 
347 
762 
55.6 
NAR 
555 
504 
573 
526 
342 
2 7 4 
122 
219 
-
MSI 
397 
3 0 4 
242 
267 
172 
136 
95 
22 
41 
186 
65.9 
ISM 
1965 
1788 
1738 
1433 
1587 
1560 
1175 
1080 
1240 
1508 
141.8 
CHA 
583 
743 
720 
417 
330 
213 
137 
217 
93 
3 8 4 
89.5 
NAM - Nam jani NAR = Narunyu 
NAC - Nachingwea MSI = Msijute 
NAN - Nangomba ISM = Ismani 
NAL - Naliendele CHA = Chambezi 
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A m o n g our major ach ievements has been the 
release, the first in over 30 years, of a groundnut 
cult ivar of the Spanish group, Nyota (= Spancross) , 
in 1983 for the Mtwara and Lindi regions. The c u l -
t ivar has been re leased under the name Nyota. 
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Table 8. Kernel yields (kg/ha) of 1982 /83 regional groundnut variety trials. 
Place of origin 
Town 
Ntombe 
Isman 
USANGU 
Mbinga 
Ukiriguru 
Mombo 
Chiumbati 
Tunduru 
Songea 
Bwanga 
Moshi 
Chiumbati 
Igurusi 
Iringa 
Mbinga 
Songea 
Red Mwitunde2 
Spancross2 
Region 
Tringa 
Iringa 
Mbeya 
Ruvuma 
Mwanza 
Tanga 
Lindi 
Ruvuma 
Ruvuma 
Mwanza 
Moshi 
Lindi 
Mbeya 
Iringa 
Ruvuma 
Ruvuma 
Growth 
habit1 
EB 
EB 
EB 
EB 
EB 
EB(V) 
SB 
SB 
SB 
SB 
SB 
R 
R 
R 
R 
R 
SB 
EB 
Kernels 
(kg/ha) 
1039 
1007 
930 
940 
1057 
1021 
800 
944 
987 
847 
871 
965 
846 
955 
859 
1003 
781 
1272 
Shelling 
(%) 
71.9 
71.7 
66.2 
65.7 
70.0 
62.4 
65.3 
62.3 
63.7 
68.6 
57.8 
63.3 
61.3 
61.0 
61.4 
66.4 
59.3 
73.4 
100 Kernel 
(g) 
34.1 
35.8 
37.8 
42.7 
38.5 
52.4 
48.2 
48.3 
50.3 
39.1 
47.4 
54.8 
50.3 
54.6 
53.5 
49.9 
47.3 
36.6 
1 EB = Erect bunch (Spanish), EB(V) = Erect hunch (Virginia), SB = Spreading hunch, R = Runner (Virginia). 
2. Mean of six plots. 

Summary 
This paper considers the main areas of groundnut cultivation in Tanzania, farmers' yields, produc-
tion, and marketing. The crop is grown almost entirely by small scale farmers who have access to a 
limited range of local cultivars and who practice groundnut farming at a very low input level. There is 
no certified seed multiplication. Past research on groundnuts is briefly reviewed and the research 
program of the Oilseeds Research Project is outlined. Collection and evaluation of groundnut 
germplasm is given high priority, and agronomic and crop protection investigations are being made. 
Testing of exotic materials has led to the release of the Spanish type cultivar Nyota (*Spancross) to 
growers in the Mtwara and Lindi Regions. 
Product ion 
Groundnuts are g rown in most parts of Tanzania 
below 1500 m alt i tude. The most important g round-
nut growing regions are Mtwara, Tabora, Shi -
nyanga, K igoma, Dodoma, and Mwanza, where 
rainfall varies be tween 500 and 1200 m m / y r . Soils 
are der ived f rom sandstone, granite, and gneiss 
and range f rom sandy to loamy. 
The total area sown to the c rop in Tanzania 
increased f rom below 5 0 0 0 0 ha in the early 1960s 
to nearly 100000 ha in 1980 (Table 1). Yields have 
been est imated at 600 k g / h a of dr ied pods but it is 
doubtful if the majori ty of small farmers ach ieve 
this. Over the past 20 years total product ion has 
shown a gradual upward trend, reaching a peak of 
over 7 0 0 0 0 t in 1976 and 1977 (Table 1). 
Oi lseeds for process ing are purchased by the 
Genera l Agr icul tural Products Export Corporat ion 
(GAPEX), and later resold to mills. Since the fo rma-
tion of GAPEX in 1971 , purchases have fal len to 
only a few tonnes in 1981 and 1982 (Table 2). 
A l though there have been large f luctuat ions in pur-
* 1 , 3 , and 4: Plant Breeder, Agronomist , and Crop Protect ionist respectively. Oilseeds Research Project, Agr icul tura l Research 
Inst i tute, Nal iendele, P.O. Box 509, Mtwara, Tanzania. 
2: Senior Lecturer, Crop Science Department, Faculty of Agr icul ture. Forestry and Veterinary Science, Universi ty of Dar es 
Salaam, Tanzania. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica. 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Groundnut Production, Farming Methods, and 
Research in Tanzania 
F.F. Mwenda, A.L. Doto, B.R. Taylor, and J.H. Simons* 
resources. Groundnuts are general ly in te rc ropped, 
part icular ly with cerea ls or cassava , but of ten wi th 
severa l other c rops w h e n groundnut is of s e c o n -
dary impor tance. 
Several local g roundnut cul t ivars are g rown in 
Tanzania (Table 3), and many have b e c o m e c o n -
taminated s ince they were first ident i f ied as cul t i -
vars, e.g., the runner admixture to Red Mwi tunde. 
There is at present no cert i f ied seed mul t ip l icat ion 
of groundnuts , so that where seed is p roduced , the 
c rop is not inspec ted and seed qual i ty is suspect . 
The low mult ip l icat ion rate of groundnuts , and the 
specia l ized equ ipment needed to process the 
seed, make this c rop unat t ract ive to Tanzania 's 
parastatal seed company . With the re lease of new 
cul t ivars, f ield and postharvest inspect ions will 
have to be en forced, perhaps by the Tanzan ian 
Off ic ial Seed Cert i f icat ion A g e n c y i f t rue- to- type 
cul t ivars are to reach farmers. 
Groundnuts are general ly g rown wi thout fertil iz-
ers, wh ich are not readily avai lable to smal l 
farmers, and are sown either on the flat or on r idges. 
Populat ions o f 3 0 0 0 0 - 1 0 0 0 0 0 p l an t s / ha have 
recent ly been recorded in the Mtwara and Lindi 
Regions. A l though a dual purpose seed dress ing 
( M C H + th i ram) is avai lable in Tanzania, it is not 
widely distr ibuted and is rarely used by farmers. 
Small farmers do not use chemica l c rop protect ion, 
pr imari ly because equ ipment and mater ia ls are not 
avai lable, rather than through ignorance. Whi le 
initial cul t ivat ions may be by hired tractor, most 
work is done by hand, and weed ing and harvest ing 
are done exc lus ive ly by hand. 
Research 
Groundnut research by the Overseas Food Corpo-
rat ion in the late 1940s and early 1950s led to the 
recommenda t ion of Red Mwi tunde and Natal C o m -
m o n cul t ivars to farmers. Some variety tr ials were 
carr ied out in the early 1970s by the Ministry of 
Agr icu l ture. More recent ly, groundnut research has 
been the responsibi l i ty of the Oi lseeds Research 
Project wh i ch was set up in 1978 at Nal iendele, 
Mtwara; and the Pulses and Groundnut Project, set 
up in 1980 at the Facul ty of Agr icu l ture, Forestry 
and Veter inary Sc ience of the Universi ty of Dar es 
Salaam, Morogoro. The former project is funded by 
the Brit ish Overseas Deve lopment Admin is t ra t ion 
and the Tanzan ian Government , and the latter by 
the Canad ian Internat ional Deve lopment Research 
Centre. 
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chases of the other annual oi lseeds, sesame and 
sunf lower, quant i t ies have been more or less ma in -
ta ined. Because groundnut is both a food and c a s h 
crop, large quant i t ies are sold in informal markets . 
In recent years groundnut expor ts have fal len c o n -
siderably, mil ls are underut i l ized, and there is a 
domest ic shor tage of ref ined vegetab le oils. 
F a r m i n g M e t h o d s 
Most groundnut product ion in Tanzania is by sma l l -
sca le farmers who g row severa l other annua l c rops 
wh ich compe te with groundnut for their l imited 
Table 2. Official purchases of sesame, groundnut, 
and sunflower 1971-83, (t). 
Year1 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
Sesame 
8 1 7 0 
7336 
6641 
5820 
5891 
5941 
6596 
6 5 6 4 
4317 
7528 
3669 
5499 
Groundnut 
3295 
3 4 5 4 
1363 
509 
510 
417 
1448 
2615 
6676 
1738 
227 
129 
Sunflower 
6199 
9 4 6 4 
6252 
7032 
6 8 9 4 
5912 
7167 
12011 
17408 
10798 
9373 
5563 
Source: GAPEX. 
1. May to April. 
Table 1. Groundnut production in Tanzania. 
Year 
1961-65 
1969-71 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
Area 
('000 ha) 
45 
49 
63 
63 
60 
70 
77 
124 
125 
118 
88 
92 
94 
Dried pod 
yield 
(kg/ha) 
1002 
662 
603 
546 
893 
887 
597 
597 
591 
593 
591 
587 
596 
Dried pod 
production 
('000 t) 
45 
32 
38 
34 
54 
62 
46 
74 
74 
70 
52 
54 
56 
Source: FAO Production Yearbooks 1 9 7 3 - 1 9 8 1 . 
The Oi lseeds Research Project initially worked 
mainly on sesame and sunf lower, but in 1981-82 
the groundnut program was greatly expanded fol-
lowing the co l lec t ion of a wide range of local and 
exot ic mater ials. Based on evaluat ions at Nal ien-
dele and regional trials, the Spanish type cult ivar 
Nyota (=Spancross) was re leased in 1983 for mult i-
pl icat ion and distr ibut ion in the Mtwara and Lindi 
regions. This cult ivar has p roduced outs tanding 
yields in tr ials and is r ecommended to farmers who 
use improved pract ices (primari ly sowing early at 
c lose spac ing and t imely harvest ing). 
Because many smal l fa rmers are likely to con -
t inue g rowing Virginia type cult ivars, wh ich 
a l though lower y ie lding, can be g rown at wider 
spac ings with less seed than Spanish types, i t is 
essent ia l that improved cul t ivars of this group are 
found. Several interest ing lines have been identi-
f ied dur ing the last two seasons, but fur ther eva lua-
t ion and regional test ing are necessary before 
recommenda t ions can be made. M u c h promis ing 
mater ial of both Virginia and Spanish types is avai l -
able f rom ICRISAT with w h o m good links have 
been estab l ished. 
Groundnut ag ronomy has cove red spac ing and 
i n t e r c ropp ing . M o r e recen t l y t he h u s b a n d r y 
requi rements of the two groundnut types have 
been c o m p a r e d to f ind out how fa rmers ' p rac t ices 
will have to c h a n g e i f they adopt new cult ivars. The 
response of h igh-y ie ld ing cul t ivars to dif ferent lev-
els of ferti l ity and to dif ferent in tercropping si tua-
t ions has not yet been assessed. 
Yield losses f rom ce rcospora leafspots and rust 
are es t imated at over 3 5 % at Nal iendele (Simons, 
J.H. 1983 personal communica t ion) . Resistant 
ge rmp lasm is becoming avai lable f rom ICRISAT 
and f rom local ly co l lec ted mater ia l current ly under 
evaluat ion in Tanzania. Seed and seedl ing dis-
orders have been observed but are not wel l under-
stood. These disorders may be an important cause , 
perhaps in combina t ion with soil factors, of empty 
pods or pops wh ich are a major prob lem in sou-
theast Tanzania. 
Rosette virus d isease is of cons iderab le impor-
tance in cer ta in areas of the country, but is cons id -
ered unimportant in others. Farmers may plant 
Virginia type cul t ivars in most areas because they 
think they are less suscept ib le to rosette than Span-
ish type cul t ivars. New cult ivar re leases, par t icu-
larly Spanish types, will have to be c lose ly 
moni tored for rosette. The large groundnut co l lec-
t ion at Nal iendele inc ludes mater ia ls repor ted re-
sistant to rosette in East and West Afr ica, and these 
are ready for res is tance breeding shou ld this 
b e c o m e necessary. 
Termi tes cause serious damage to groundnut . 
Spraying insect ic ide on the soil a round the col lar of 
plants was necessary to sa feguard breeding ma te -
rial and trials at Nal iendele. Thr ips cause s o m e 
scarr ing and distort ion of the leaves of most p lants, 
and are potential ly ser ious vectors of t oma to spot-
ted wilt virus. A jass id (Empoasca sp.) may also 
infest plants caus ing extens ive ch lorot ic pa tches 
on leaves and leading to some fol iage rott ing dur ing 
per iods of f requent rain. 
Rats can be very damag ing to p lanted seed 
before emergence , and to matur ing pods i f harvest-
ing is de layed. Crows often cause similar damage . 
The main centers for oil seed research in the 
count ry are at the Nal iendele Research Stat ion in 
southern Tanzania and at the Facul ty of Ag r i cu l -
ture, Forestry, and Veter inary Sc ience in Morogoro 
91 
Table 3. Common groundnut types grown in Tanzania. 
Name 
Red Mwitunde 
Dodoma Bold 
Amani 
Mongo mongo 
Kasalagara 
Bwanga 
Mwanjelwa 
Malawi 
Region 
Mtwara, Lindi 
Ruvuma 
Ruvuma 
Mtwara 
Mwanza 
Mwanza 
Mbeya 
Ruvuma, Dodoma 
Type 
Mixture of spreading 
bunch and runner 
Mainly runner 
Mainly runner 
Mixture of spreading 
and runner 
Mainly upright bunches 
Mixture of spreading 
bunches and runner 
Mainly runner 
Upright bunches 
i n e a s t c e n t r a l T a n z a n i a . H o w e v e r , b o t h t h e s e c e n -
t e r s h a v e o u t r e a c h t r i a l s t h r o u g h o u t t h e c o u n t r y i n 
a r e a s w h e r e g r o u n d n u t i s a n i m p o r t a n t c r o p . W i t h 
t h e r e c e n t r e l e a s e o f t h e P r o j e c t ' s f i r s t i m p r o v e d 
g r o u n d n u t c u l t i v a r f r o m t h e O i l s e e d s R e s e a r c h 
P r o j e c t a t N a l i e n d e l e , m o r e r e g i o n a l t r i a l s a r e 
p l a n n e d , e s p e c i a l l y o f S p a n i s h t y p e s c o m m o n l y 
g r o w n i n D o d o m a a n d M w a n z a r e g i o n s . 
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Groundnut Crop Protection Work in 
the Tanzania Oilseeds Research Project 
The first two years work of the crop protection section of the British government-assisted Tanzania 
Oilseeds Research Project is described as it relates to groundnut. Work on groundnut is limited, and 
initial emphasis has been on cataloging practical field problems, particularly to aid resistance 
screening; to quantify yield losses caused by cercospora leaf spots and rust, which together or singly 
seem to be the most serious problems; and to obtain and test resistant materials found elsewhere. 
Phytotoxicity by fungicides seems to be responsible for some peculiar results in the yield loss 
study, but for the cultivar Natal Common the combined kernel loss to rust and late leaf spot is about 
40% at Mtwara. Some cultivars and lines from ICRISA T are highly resistant to rust and/or late 
leafspot in Tanzania. 
Other important problems are pops, several seedling diseases, rosette virus disease complex 
(possibly including other virus diseases), suspected fusarium wilt, termites, jassids, thrips, field rats, 
and crows. Their approximate incidences in the south are given, along with some possible practical 
control methods. In the next year or two similar information should be available for the central and 
northern groundnut areas. 
* Plant Pathologist, Oi lseeds Research Project, Agr icu l tura l Research Institute, Nal iendele, P.O. Box 509, Mtwara, Tanzania. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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J.H. Simons* 
Summary 
In the first two years of the c rop protect ion p rogram 
of the Tanzania Oi lseeds Research Project, work 
on groundnut pests and d iseases has been most ly 
in two areas: 
• Cercospora leafspots and rust study and c o n -
trol. Early leafspot (Cercospora arachidicola), 
late leafspot (Cercospor id ium personatum), and 
rust (Puccinia arachidis) seem to be the most 
important c rop protect ion prob lems of g round-
nut throughout Tanzania. 
• Assess other prob lems, determine their causes , 
and note var iat ions be tween dif ferent cul t ivars 
and growing condi t ions. This in format ion is 
necessary to inc rease sc reen ing work. 
Work on the Cercospora leafspots and rust has 
been main ly to assess yield losses and to identify 
resistant cul t ivars and l ines. Work on other c rop 
protect ion prob lems has inc luded observat ions on 
empty pods ( "pops") , and seedl ing d isorders, as 
wel l as fungal d iseases, virus d iseases, insect 
pests, and rats. 
Most of this work has been done at the pro ject 's 
base at Nal iendele, Mtwara region, in the southeast 
corner of Tanzania. Pest and d isease observat ions 
have f requent ly been made on trials at the edge of 
the major groundnut growing area of Masas i , 150 
km in land at Nach ingwoa , also in the southeast . 
Many groundnut d isease spec imens have been 
co l lec ted by a project agronomist based at Sulut i -
Songea in the southwest . 
A gap in the work has been the fai lure to visit the 
major groundnut g rowing areas in the center of the 
country, mainly due to great diff iculty in t ravel ing 
out of the southeast . However , some informat ion 
f rom other par ts has c o m e in reports on cul t ivar 
tr ials car r ied out for the project by other agr icu l tura l 
research stat ions. A n d recent ly, a Tanzan ian c rop 
protect ionist jo ined the project, so i t should be pos-
sible to remedy the def ic iency soon. 
Fol iage D iseases 
Early leafspot, late leafspot, and rust appear to be 
the most damag ing d iseases of groundnut in T a n -
zania. Every season pract ical ly every plant is heav-
ily in fected and usual ly defol iated by one or more of 
these. The relat ive impor tance of the three dis-
eases var ies f rom p lace to p lace. At Nal iendele late 
leafspot and rust are a lways severe, whi le ear ly 
leafspot usual ly is sl ight to modera te . In land in the 
southern zone, ear ly leafspot becomes as impor-
tant as late leafspot, but rust seems less severe 
than in the coasta l zone. 
T h e only other fo l iage d isease not iced was prob-
ably Phoma leafspot at Nal iendele, but on only a 
few plants short ly before harvest. 
Assessment of Yield Losses Caused by 
Cercospora Leafspots and Rust 
Field trials in 1982 and 1983 at Nal iendele 
assessed the yield losses caused by leafspots and 
rust, jointly and separately, copy ing a se lect ive fun-
g ic ides trial used by ICRISAT. The select ive fungi -
c ides were carbendaz im to cont ro l leafspots, and 
t r idemorph for rust contro l , whi le chlorothaloni l was 
used to cont ro l both d iseases together. There was 
a water -sprayed control . 
Three groundnut cul t ivars, all highly suscept ib le 
to leafspots and rust, were used: Red Mwi tunde 
(spreading bunch Virginia), Natal C o m m o n (Span-
ish), and Ukir iguru 70.1.1 (Valencia). Judged on 
check plots in both seasons, late leafspot and rust 
a t tacks were severe and early leafspots at tack 
slight. 
The mean percen tage kernel y ie ld losses 
caused by the leaf spots and rust separate ly and 
joint ly (Table 1) were highly var iable f rom year to 
year, especia l ly for Red Mwi tunde. With Natal C o m -
mon the losses to joint leafspots and rust d a m a g e 
were c loser with an average yield loss of about 
40%. 
Losses caused by the two d iseases separate ly 
were as large or larger than losses f rom joint at tack, 
so despi te contro l l ing the d isease the select ive 
fung ic ides may have depressed yields. The non-
select ive chlorothaloni l apparent ly depressed the 
yield of the Valencia cult ivar. 
Expressing the fungic ide ef fects as percen tage 
increases over the contro l (Table 2) conf i rms that 
y ields were depressed, presumably due to fungi -
c ide phytotoxic i ty. This is being invest igated in a 
pot trial and another f ield trial. 
Screening for Leafspot and Rust 
Resistance 
So far, the only speci f ic sc reen ing was in the 1983 
ICRISAT internat ional groundnut foliar d iseases 
nursery at Nal iendele. It is be ing repeated this year. 
In 1983 the nursery was exposed to abundant rust 
and late leafspot d isease pressure, but there was 
little early leafspot, as is usual at Nal iendele. The 
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1983 nursery conta ined 44 entr ies: 39 cul t ivars and 
l ines f rom ICRISAT, and 5 Tanzan ian cul t ivars, all 
repl icated tw ice. They were scored just before 
harvest for late leafspot and rust using the 1 -9 
sca le dev ised by ICRISAT. 
The nursery con f i rmed that a t least s o m e mate-
rials resistant to rust and late leafspot e lsewhere 
were also resistant in Tanzania. Several l ines 
showed immuni ty to rust and two conta ined plants 
with high res is tance to late leafspot. A l though yield 
was not of pr imary conce rn , i t was interest ing to 
f ind that res is tance was not necessar i ly assoc ia ted 
with high yield. Most of the resistant mater ia ls 
y ie lded poorly, because of very high levels of pops 
(shel l ing percentage as low as 20%). On the other 
hand several suscept ib le Indian and South Amer i -
can cul t ivars were among the highest y ielders, 
a long with the best Tanzan ian cul t ivars (Spanish 
and Valencia type). Some of the best exot ics were 
the Virginia types tradit ional ly g rown in southeast 
Tanzania, wh ich y ie lded m u c h better than the 
standard Tanzan ian Virginia. 
The c rop protect ion sect ion also ass is ted the 
groundnut breeder in scor ing his cons iderab le c o l -
lect ion of foliar d isease resistant mater ia l , most of 
wh i ch c o m e s f rom ICRISAT. 
Pops are empty , o therwise perfect pods, in wh i ch 
the kernel has fai led to deve lop. Pops are be l ieved 
to be due to a ca l c ium def ic iency, and have long 
been rated a major p rob lem of g roundnut in sou th -
ern Tanzania. Inc idence of pops is a lways 
recorded in Oi lseeds Project tr ials. Virginia type 
cult ivars of ten show high levels of pops at Na l ien-
S e e d a n d S e e d l i n g D iseases 
a n d D isorders 
Pops 
Table 2. Yield increase from controlling rust and leaf spots at Naliendele. 
Cultivar 
Red Mwitunde 
Natal Common 
Valencia 70.1.1 
Year 
1982 
1983 
1982 
1983 
1983 
Mean % increase in kernel yield from spraying 
Carbendazim 
(controls leaf spots) 
8 
(21) 
21 
33 
17 
Tridemorph 
(controls rust) 
(D 
(12) 
(5) 
34 
4 
Chlorothalonil 
(controls leaf spots and rust) 
62 
18 
50 
77 
6 
( ) = decrease in yield relative to water-sprayed check. 
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Table 1. Yield losses from rust and leaf spots at Naliendele. 
Cultivar 
Red Mwitunde 
Natal Common 
Valencia 70.1.1 
Year 
1982 
1983 
1982 
1983 
1983 
Mean % loss of kernels from 
Leaf spots 
39 
13 
37 
25 
2 
Rust 
34 
33 
20 
25 
(11) 
Leaf spots and rust 
38 
17 
34 
4 4 
5 
( ) = increase in yield relative to yield when both are controlled. 
Seed-borne stub leaf of seedl ings, due to ca l c i um 
def ic iency, is very c o m m o n at Nal iendele and is 
especia l ly severe in Virginia type cul t ivars, resul t ing 
in gappy plots of plants of all sizes. Pale dwarf, due 
to boron def ic iency, is less c o m m o n , but p lants do 
not recover as s o m e stub leaf a f fected plants do. 
Presumably, these are a result of the seed hav ing 
been p roduced on Nal iendele 's sandy def ic ient 
soi l , and has important impl icat ions for seed mult i -
pl icat ion and distr ibut ion. The solut ion shou ld be to 
add appropr ia te nutr ients to the def ic ient soi l , or 
move major seed mult ip l icat ion to more fert i le sites. 
Meanwhi le c rop protect ion is a t tempt ing to identify 
af fected seed to intercept bad lots. 
S u s p e c t e d F u s a r i u m Wi l t 
Bright ye l lowing of al l leaves, soon fo l lowed by 
wi l t ing and death , af fects s o m e plants in most 
p lant ings of Spanish and Valencia type cul t ivars in 
the southeast . At Nach ingwea substat ion the dis-
ease kills at least half of the shor t -season cul t ivar 
plants e a c h season. In most other p laces the inci-
dence is m u c h lower. Virginia type cul t ivars are 
less severe ly a f fected: their leaves turn pale green, 
wilt, and dea th is s low, or the plants may not die. 
T h e tap root of a f fec ted plants invar iably is rot ten, 
and somet imes there are pink s t reaks in the xy lem 
of root a n d s tem, suggest ing a Fusar ium wilt. Ma te -
rial has been sent to the Commonwea l t h Myco log i -
ca l Institute, London , for ident i f icat ion. 
A low inc idence of ch lorot ic rosette occu rs in most 
groundnut plant ings in the southeast , and has been 
rare at Nal iendele, Nach ingwea , and Sulut i -
Songea dur ing the last three seasons. The vector, 
Aphis craccivora, is abundant in Nal iendele, infest-
ing most plants early in the season until rains 
b e c o m e more frequent. In the major groundnut 
growing distr ict of Masas i , the d isease can be 
local ly ser ious but general ly is not c o m m o n . What 
is probably g reen rosette virus d isease seems to 
have a similar inc idence, but other, unrecogn ised 
virus d iseases may be inc luded. There have been 
no reports of ser ious rosette outbreaks in the other 
major groundnut g rowing areas. 
A major factor in the general ly low inc idence of 
rosette in the southeast may be the exc lus ive g row-
ing of Virginia type cul t ivars by farmers, especia l ly 
of Red Mwi tunde, wh i ch has long been r ec om-
mended as a rosette-resistant cult ivar. The si tua-
t ion cou ld c h a n g e i f the recent ly p roduced new 
Spanish type cult ivar, Nyota, b e c o m e s widely 
g rown by farmers. 
In addi t ion to dist inct ive chlorot ic rosette, 
g roundnuts in southeast Tanzania show a range of 
other v irus- l ike d isease condi t ions compr is ing 
some stunt ing and chlorosis. In most plots they are 
not f requent , but in one relat ively large Red Mwi -
tunde plant ing on the edge of Masas i town this 
season, over 5 0 % of the plants showed t iny ye l low 
spots a n d / o r smal l ye l low r ings on some young 
leaves, whi le older plants had a stiff, compac t , 
inverted c o n e appearance , usual ly wi th little or no 
ch loros is of the upper leaves. Us ing c rude sap i t 
w a s possib le to t ransmit the d isease mechan ica l l y 
to groundnut . It probably is a fo rm of rosette, but the 
ch lorot ic spots and rings raise doubts. I t is ev ident 
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Some ev idence shows that ye l low wilt causes 
some pops. Equal numbers of dark g reen leaved 
and pale g reen leaved Red Mwi tunde plants f rom 
one plot gave 4 1 % and 8 1 % pops respect ively. 
Virginia type groundnuts , in fected but not ki l led 
quick ly by yel low wilt may be harvested a long wi th 
heal thy plants, whereas in fected plants of Spanish 
and Valencia types are usual ly dead and d e c o m -
posed by harvest t ime. 
Strict rotat ion of c rops on research land at 
Nal iendele seems to be ef fect ive to keep ye l low wilt 
i nc idence low, whi le in nearby haphazard ly 
c ropped gardens the inc idence is high. 
Roset te V i rus D isease 
Crown Rot and Seed Decay 
All project seed is d ressed with a t h i r a m - H C H seed 
dress ing and this apparent ly keeps sown-seed 
losses f rom Aspergillus flavus and Rhizopus stolo-
nifer to low levels. But fa rmers general ly do not 
dress their seed and therefore suffer cons iderab le 
losses. C rown rot (Aspergi l lus niger) i nc idence is 
general ly low in the southeast . 
dele, and s o m e recent ly acqu i red Valencia type 
l ines f rom ICRISAT have shown up to 8 0 % inci-
dence . Nal iendele soil is very low in ca l c i um, but 
l iming i t general ly has not reduced the level of pops. 
The c rop protect ion sect ion has star ted looking 
c losely at pods and kernels for any pa thogen asso -
c ia ted with empty pods. 
Seedling Stub Leaf and Pale Dwarf 
that v irus d iseases can and do occu r on groundnut 
in Tanzania . 
In addi t ion to the aphid vector of rosette, three 
insects appear to be important groundnut pests in 
the southeast . 
Termi tes usual ly kill some plants in most plots by 
hol lowing out the hypocoty l and main s tem anyt ime 
f rom germinat ion to harvest. At Nal iendele, insec-
t ic idal sprays are appl ied routinely to the soil 
a round the col lars of plants to safeguard valuable 
breeding mater ia ls and trials. 
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Rats a n d C r o w s 
Field rats (most ly Mastomys spp.) f requent ly take a 
large proport ion of seed after sowing and pods at 
maturi ty in plots c lose to bush. Plots g rown c lose to 
pied c row co lon ies suffer similar damage. A c c o r d -
ingly, in trial work it is often necessary to set roden-
t ic ide bait, and employ labor to scare birds. 
Jassids (Empoasca sp.) infest most plants and 
cause chlorot ic pa tches on leaves wh ich often 
b e c o m e rotten dur ing very wet spells. Spanish type 
cul t ivars appear to be the most suscept ib le, local 
Virginias the least. 
Thrips (unidenti f ied) infest the shoot tops of most 
plants caus ing some scarr ing and distort ion of 
most leaves. As vectors of tomato spot ted wilt virus 
d isease they are potential ly important. 
Insect Pests 

Groundnut Agronomy Research in 
Southeast Tanzania 
Groundnut research in southeast Tanzan ia before 
1978, including that done by the Overseas Food 
Corporat ion, has been summar ized by Bennet t et 
al. (1979). They conc luded that relatively h igh plant 
populat ions (above 150000 p lan ts /ha ) , ear ly sow-
ing, and appl icat ion of P-contain ing fert i l izers are 
necessary for high yields. Responses to l ime, 
organic manure, and ni t rogen appl icat ions were 
inconsistent. 
Since 1978 groundnut ag ronomy research has 
been carr ied out by the Oi lseeds Research Project 
in southern Tanzania, a l though the c rop rece ives 
less attent ion than the project 's other c rops , 
sesame and sunf lower. In plant densi ty trials the 
advantages o f c lose row spac ing (40 cm c o m p a r e d 
to 60 cm) have been demonst ra ted (Bol ton 1980). 
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B.R. T a y l o r 
Summary 
The objectives of agronomic research on groundnuts within the Tanzania Oilseeds Project are listed 
and the difficulties stressed. Emphasis is placed on finding out what farmers are currently doing and 
why. Past agronomic research on groundnuts in Tanzania is summarized and future research 
considered. 
This paper will not descr ibe results of ag ronomy 
trials in detai l , wh ich would be appl icab le only to the 
area in wh ich the trials were done, and only to the 
level of husbandry at wh ich the trials were a imed. 
Instead, object ives are l isted, a brief summary of 
f indings g iven, and cons iderat ions for future work 
are d iscussed. 
G r o u n d n u t a g r o n o m y r e s e a r c h has t w o 
object ives: 
• to f ind op t imum husbandry prac t ices for speci f ic 
areas and farming sys tems to form the bases for 
ex tens ion serv ice recommendat ions , and, 
• to determine changes necessary for farmers to 
adopt a new cult ivar or improved pract ice. 
It is diff icult to unders tand current cul tura l prac-
t ices, but this is a necessary prerequis i te before 
recommenda t ions for changes in sowing dates, 
plant spac ing , etc. to suit a new and potent ial ly 
h igher-y ie ld ing cul t ivar are made. What appear to 
be bad prac t ices probably are just i f ied. For e x a m -
ple, farmers in some areas may plant low-y ie ld ing 
but drought- res is tant cul t ivars and use late or 
* Agronomis t , Oilseeds Research Project, Agr icu l tura l Research Institute, Nal iendele, P.O. Box 509, Mtwara, Tanzania. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
A g r o n o m y Research: 
Past a n d Present 
phased plant ings without inputs in order to reduce 
drought risk (Ruthenberg 1980). 
Spanish cul t ivars have responded to populat ions of 
up to 2 5 0 0 0 0 p lan ts /ha , whi le Virginia cul t ivars 
(spreading bunch and runner) have g iven y ie lds 
c lose to m a x i m u m a t 5 0 0 0 0 p l an t s /ha . Sowing 
date tr ials have demonst ra ted the impor tance of 
ear ly sowing for Virginia types, wi th sl ightly more 
flexibil i ty for Spanish types. 
Only two trials have examined g r o u n d n u t / c e r e a l 
in tercropping. The mixture outy ie lded pure s tands 
when groundnut was mixed wi th short, ear ly 
so rghum ( land equivalent ratio greater than unity), 
but there appeared to be no advan tage f rom 
g roundnu t /ma i ze combina t ions (Bol ton 1980). 
More recent in tercropping tr ials wi th g roundnut and 
cassava did not inc lude pure s tands, and results 
suggested that y ie ld responses to husbandry p rac-
t ices and possibly to cul t ivar were similar in mix ture 
to those expec ted in sole c rops . 
Recent ferti l izer tr ials have shown responses to P 
up to 22 k g / h a (50 k g / h a P2O5). Where e lementa l 
sulphur was appl ied a t 20 k g / h a , there w a s no 
signi f icant y ie ld response. Long te rm exper iments 
are now examin ing responses to comb ina t ions of 
l ime, P and K (Ngatunga, 1983). Nutr ient ef fects on 
empty pod percen tages are of part icular interest in 
these trials. 
C o n s i d e r a t i o n s for 
Future R e s e a r c h 
perhaps 2 0 0 0 0 0 p l a n t s / h a in southeast Tanzan ia , 
i f they are to realize the potent ial y ie ld of Spanish 
cul t ivars (Fig. 1). However , this will t reble the 
farmer 's seed requi rement , and c o n s u m e potent ia l 
food at a hungry t ime of year. Where land is plent i-
ful , as i t is in m u c h of Tanzania , the farmer may be 
more interested in y ie ld per plant or per k i logram of 
seed sown, rather than yie ld per hectare . Certa in ly 
increas ing the populat ion dec reases the yield per 
plant, especia l ly in local cul t ivars (Fig. 2). 
Where land is plenti ful , output may be l imited by 
labor availabi l i ty, part icular ly labor needed for 
weed ing (Moody 1975). Perhaps more c o n c e r n 
should be shown over the amount of extra labor 
needed to implement improved pract ices. High 
plant populat ions need more labor at sowing and at 
harvest. Fertilizer, part icular ly where appl icat ions 
are p laced in the soil, uses more labor, and nont ra-
dit ional sow ing and harvest dates may co inc ide 
with other important labor peaks. 
The study of in tercropping is comp l i ca ted 
because there are as many in tercropping sys tems 
as there are fa rmers w h o g row mixed c rops . In 
Tanzania, g roundnuts are found in the first inter-
c ropp ing si tuat ion recognized by Wil ley (1979) 
"Where in tercropping must g ive full y ield of a 'ma in ' 
c rop and some yield of a second c rop" . Groundnut 
is a second c rop to cassava or cerea ls or both. A 
survey done in Lindi region found groundnut m ixed 
with up to seven other crops, but most c o m m o n l y 
wi th three others, w h e n i t occup ied on average 
Problems encoun te red in ag ronomy research are 
not un ique to southeast Tanzania , nor to this c r o p 
alone. Apar t f rom nonun i form sites and d i f ferences 
in error var iances wh ich p rec lude c o m b i n e d ana-
lyses, results are rarely as consis tent , and tr ials 
rarely as numerous , as might be w ished . There fore 
general izat ions are necessary to fo rmula te r e c o m -
mendat ions. Moreover, the husbandry methods 
wh ich p roduce the highest y ie lds in tr ials may be 
beyond the farmer 's capabi l i t ies or may represent 
unaccep tab le or unat ta inable changes f rom tradi-
t ional fa rming pract ices. A recommenda t ion of 100 
k g / h a tr iple superphospha te is unreal ist ic i f fert i l-
izer is not avai lable. 
I t may be better to look at c h a n g e s fa rmers must 
make I f they are to use new cul t ivars wi th dif ferent 
character is t ics , or if they adopt , perhaps one at a 
t ime, so-ca l led improved prac t ices s u c h as ferti l-
izer or insect ic ide use, or c lose spac ing . For e x a m -
ple farmers who tradit ional ly g row Virginia cul t ivars 
wil l have to use m u c h higher plant populat ions, 
Figure 1. Kernel yield response of Spanish (S) 
and Virginia (V) groundnuts to increasing plant 
populat ion at Nal iendele . 
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Figure 2. Plant kernel yield response of Spanish 
(S) and Virginia (V) grounduts to increasing 
plant populat ion at Nal iendele . 
one-s ix th of the land area (P.M. Oates personal 
commun ica t ion ) . The prob lem of the research 
agronomist is to know where to start. Work in south-
east Tanzan ia has examined only two c rops at a 
t ime and has used al ternate rows for s impl ic i ty 
w h e r e a s l oca l s y s t e m s c a n have seve ra l 
randomly -sown crops. Because groundnut tends 
to be a secondary c rop in a mixture, usual ly sown 
after food c rops w h e n t ime al lows, no sole c rop 
plots have been inc luded in recent in tercropping 
trials. The trials were not in tended to suppor t 
recommenda t ions for or against in tercropping, but 
to determine how best to g row mixed c rops (Mead 
and Stern 1980). 
T h e start ing point to de te rmine what wil l happen 
w h e n the farmer in t roduces changes is a thorough 
knowledge of what the farmer is do ing a l ready, and 
why. To f ind out what is happen ing, sys temat ic 
surveys are possib le, but diff icult and expens ive . 
To f ind out why the farmer ac ts as he does is more 
diff icult still. 
local fa rming methods, part icular ly in tercropping, 
and the reasons for them. Until there is a better 
unders tand ing of what the farmer is do ing, i t wil l be 
diff icult to suggest ways in wh ich he c a n increase 
product ion. 
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Groundnut is g rown in southeast Tanzan ia pr imar-
ily by smal l fa rmers us ing tradi t ional pract ices. It is 
not diff icult to fo rmula te packages of improved 
prac t ices wh i ch will great ly inc rease y ie lds on 
research stat ions. At present little is known about 
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Groundnut Improvement in Tanzania: 
Progress and Future Orientation 
A.L. Doto* 
Summary 
Data are presented on groundnut production in Tanzania with emphasis on the continuing demand 
for the commodity. The aims of the Pulses and Groundnuts Project to develop high-yielding 
cultivars with resistance or tolerance to the various yield-reducing factors, and to develop agro-
nomic packages to match local conditions are described. Future research is outlined with particular 
attention to cuitivar x site x season interactions. Introduction, selection, and hybridization will all be 
used in crop improvement. 
To date groundnut history in Tanzania has been 
c lose ly assoc ia ted wi th the co l lapse of the a m b i -
t ious Tangany ika Groundnut S c h e m e of the 1940s. 
In spite of the co l lapse of this scheme , the coun t ry 
has con t inued to p roduce a substant ia l vo lume of 
g roundnuts for both local and export markets . 
Recent ly groundnut product ion in Tanzan ia has 
been es t imated a t 5 8 0 0 0 tonnes (N igam 1983), 
a lmost all p roduced by smal l sca le fa rmers and 
c o n s u m e d local ly. Thus accu ra te product ion f ig-
ures are diff icult to get, but these have been high-
l ighted (Mwenda et al. 1984). 
Groundnut y ields in Tanzania are genera l ly low, 
averag ing about 600 k g / h a (N igam 1983). The 
increase in groundnut product ion is main ly f rom 
inc reased area under the crop. In 1971 for e x a m -
ple, 6 3 0 0 0 ha were under groundnuts whi le the 
f igure rose to 9 6 0 0 0 ha in 1982 (FAO 1983). 
In spi te of inc reased product ion, the domes t i c 
d e m a n d for g roundnuts and groundnut p roduc ts 
still far outstr ips the supply. Several factors have 
been identi f ied as important in l imit ing groundnut 
product ion in southern Af r ica (N igam 1983), for 
example lack of sui table cul t ivars in the area. Cu l -
t ivars such as Natal C o m m o n , Red Mwi tunde, 
D o d o m a Bold, and Aman i are g rown in var ious 
parts of Tanzania, but are general ly mixed and until 
now there has been an acu te shor tage of pure 
seed. 
Because of these product ion l imitations the C a n a -
dian Internat ional Deve lopment Research Cent re 
* Faculty of Agr icu l ture, Forestry, and Veterinary Science, P.O. Box 3000, Morogoro , Tanzania. 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India; ICRISAT. 
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T h e Pulses a n d G r o u n d n u t s 
Project 
( IDRC) funded a project in May 1980 at the Facul ty 
of Agr icuture, Forestry and Veter inary Sc ience , 
Morogoro with a large breeding componen t . Th is 
groundnut project a ims to develop: 
• h igh-y ie ld ing cul t ivars wi th high oil and protein 
contents resistant to drought , insects, and 
d iseases; 
• ear ly- and la te-matur ing cul t ivars to suit the var-
ious agroeco log ica i zones; and 
• sui table ag ronomic packages for g roundnuts to 
ma tch local condi t ions. 
mater ia l f rom Z i m b a b w e and Zamb ia has been 
encourag ing (Preston 1982). I t may be premature 
at present, but the ICRISAT Regional Groundnu t 
Program cou ld be requested to faci l i tate the acqu i -
sit ion of mater ia ls f rom neighbor ing count r ies and 
those of Bol iv ian origin. 
Farmers in Tanzan ia are current ly aware of the 
potent ial for g roundnuts and the sea rch for 
improved seed is on . Surprisingly, uni form, v iable 
seed is hard to obta in in the count ry and breeders 
and seed p roducers are n o w explor ing shor t -cu ts 
to satisfy the rising seed demand . 
Table 1. Mean kerne! yield (kg/ha) for cultivars in 
evaluation trials at Morogoro in 1981 and 1983. 
Cultivar 
1/30 
Starr 
Tarapoto PI 3 5 0 6 8 0 
NC 343 
1/69 
1/88 
Ex-Njombe 
Dixie Runner 
lleje (Ex-Ulambia) 
Ex-Chimala 
Mbeya 
Makambako 
Tabulaya 
Karayaga Kibwa 
Comet 
Ex-Chunya 
Spanhoma 
Spancross 
Virginia 72R 
2 /108 
KH 149A 
Tamnut - 74 
Mamboleo 
Natal Common 
1/94 
1/21 
Asilia Mamboleo 
Mean 
S.E. 
1981 
season 
1206 
1116 
986 
1001 
1031 
1020 
765 
9 1 4 
784 
838 
1089 
658 
905 
482 
1068 
905 
1228 
966 
8 8 0 
336 
774 
1316 
1033 
1097 
992 
--
--
938 
54.2 
19831 
season 
512 
599 
721 
883 
764 
573 
8 7 0 
895 
477 
554 
6 7 0 
672 
436 
2 0 0 
633 
570 
1018 
651 
507 
222 
385 
679 
790 
853 
544 
967 
958 
--
--
1. The 1983 trial was not replicated. 
Work at Nal iendele has ind icated the impor tance of 
cul t ivar x site in teract ions (Preston 1982). The 
nature of these in teract ions is, however , not c lear ly 
resolved. It is important to note that the role and 
p lace of both long- and shor t -season ge rmp lasm 
has been recogn ized by both the Morogoro and the 
Nal iendele pro jects. 
Whi le the p resence of s igni f icant cul t ivar x site 
in teract ions points to the need for ex tens ive test ing, 
the impor tance of proper ly p lanned and coord i -
nated test ing cannot be overemphas ized. Such 
coord ina ted efforts at count ry level or even at 
regional level cou ld pay d iv idends by: 
• a l lowing c ross - re fe rence ac ross sites, years, 
and cul t ivars, and 
• generat ing a bank of in format ion wh i ch cou ld 
f inal ly th row light on the nature of cul t ivar x site, 
cul t ivar x year, and cul t ivar x site x year 
interact ions. 
In addi t ion, thorough data analys is cou ld , i f 
super imposed on the above sys tem, be able to 
identify sources of potent ial ly useful genet ic mate -
rial. The role of in t roduct ions in our project at Moro -
goro has been recognized. For example , in our 
prev ious work a number of outs tand ing in t roduc-
t ions have been ident i f ied (Table 1). On the other 
hand, i t is a lso t rue that a good number of the local ly 
avai lable mater ia ls have cons iderab le potent ia l , 
but there is still a need to have a c lear ly de f ined 
path on wh i ch to concen t ra te sca r ce resources . 
Our co l leagues in Zamb ia and Z imbabwe , wi th a 
long history of g roundnut breed ing, acknow ledge 
the unique va lue of genet ic mater ia l of Bol iv ian 
or igin. The per fo rmance in Tanzan ia of genet ic 
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Base-line Data and Future 
Considerations 
Our project has three componen ts in the sea rch 
for Improved cul t ivars: in t roduct ion, se lec t ion, and 
hybridizat ion. The Nal iendele project re leased a 
cul t ivar in 1983 wh ich resul ted f rom the intensive 
evaluat ion of exist ing estab l ished cul t ivars. As a 
shor t - term measure , exist ing l ines /cu l t i va rs are 
under eva luat ion and select ion. G iven the l imited 
resources avai lable, this app roach seems to be the 
most desi rable one in the urgent sea rch for 
improved mater ial . 
FAO. 1983. Monthly Bulletin of Statistics vol. 6 no.1. 
Rome, Italy: FAO. 
Mwenda, F.F., Doto A.L., Taylor, B.R., and Simons 
J.H. 1984. Groundnut production, farming methods and 
research in Tanzania. Pages 89-92 , this Proceedings. 
Nigam, S.N. 1983. Groundnut in southern Africa: status 
and research requirements. Presented at the Oilcrops 
Workshop, 3-8 Sept 1983, Cairo Egypt. Patancheru, A.P. 
502 324, India: International Crops Research Institute for 
the Semi-Arid Tropics. (Limited distribution.) 
Preston, S.R. 1982. Groundnut Breeding in Oilseeds 
Research Project, Naliendele, Report to the Co-ordinating 
Committee (unpublished). 
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T h e author ex tends his apprec ia t ion to the organiz-
ers of the workshop for ex tend ing the invi tat ion to 
h im. Lastly but not least, the author wou ld like to 
register his thanks to IDRC for fund ing the Pulses 
and Groundnuts Project at Morogoro and for pro-
v id ing funds to at tend the workshop in Malawi . 
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A c k n o w l e d g e m e n t s 
Discussion on Tanzania Papers 
Ramanaiah: In Mozambique we a lso f ind shor t -
and long-durat ion cul t ivars mixed in the f ield. Cou ld 
the part ic ipants f rom Tanzania c o m m e n t on the 
prob lems involved? 
D o t o : In most cases a long-season c r o p is g rown 
but this is a populat ion wi th a range of matur i ty 
dates rather than a pure cult ivar. 
Simons: In southeast Tanzan ia the seed dist r ib-
uted to fa rmers has been a mixture of runner and 
spreading bunch cult ivars. 
Ramana iah: In Mozambique we have a 'yel low-
ing ' d isease of g roundnut but the plants recover 
after some t ime. Is this the case with the d isease in 
Tanzania? 
Simons: In Tanzan ia g roundnuts that b e c o m e 
ye l lowed do not recover, and in most cases they 
die. 
A m i n : Our exper ience in India has been that a 
high plant populat ion cou ld lead to drought stress 
and inc reased at tack by insects. Such in teract ions 
should be borne in mind. 
Simons: I agree, this may be why s o m e fa rmers 
use low plant populat ions. 
Riley: I am interested in t ime-of -p lant ing trials. 
Perhaps a long-season cult ivar wou ld do better 
than ear ly -matur ing types p lanted after c o m -
mencemen t of the rains? 
Taylor: In our tr ials shor t -season cul t ivars were 
as high y ie ld ing as long-season cul t ivars p lanted 
early. Shor t -season types are more f lexible and 
give good yield. I f long-season cul t ivars are p lanted 
late their y ie lds are m u c h reduced . 
Diga: How do the var ious count r ies of the region 
mainta in puri ty of cul t ivars? 
Hi ldebrand: In Z imbabwe there has for some 
t ime been a sophis t icated seed product ion and 
cert i f icat ion scheme . All cu l t ivars g rown were put 
into this scheme . Breeders ' seed was p roduced by 
the breeders. Seed was then sold to seed f i rms w h o 
were responsib le for ma in tenance of purity. 
Sinvula: In Zambia the breeders take care of 
ma in tenance of seed purity. There is a Nat ional 
Seed Company wh ich mult ipl ies and distr ibutes 
seed. 
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Groundnut Production and Research: Problems 
and Priorities in Zambia 
R.S. Sandhu, G. Kelly, and J. Kannaiyan* 
Summary 
While national demand for groundnuts has been increasing in Zambia, production has declined, 
contributing to a serious shortfall. This is reflected in high prices paid by urban consumers, reduced 
exports, and a negligible supply for processors. For both the small-scale rural farmer and the major 
producer, groundnut is an important food as well as a source of cash. In this paper critical 
management factors are outlined and major yield reducing factors are discussed. Cultivars cur-
rently in use are described and breeding procedures and objectives outlined. Serious diseases and 
pests of groundnut are listed. Agronomic research in Zambia is briefly reviewed and future needs 
considered. 
Zambia lies be tween lat i tudes 8° and 1 8 ° S and 
longi tudes 2 2 ° and 3 4 ° E, and has a land area of 
7 5 2 6 1 5 km 2 . The widest part of the count ry is 1280 
km east to west. The count ry is main ly a p lateau 
with an alt i tude range of 900 -1350 m. Some val leys 
lie be low 310 m and are relat ively hot and dry. 
Rainfed groundnut is g rown dur ing the wet sea-
son, wh i ch starts in November and ends in Mar-
c h / A p r i l . Rainfall in the centra l and eastern regions 
(800-1100 mm) is adequate for g rowing long sea-
son groundnuts , whi le the compara t ive ly drier 
south and west (be low 800 mm) are sui table only 
for shor t -season types. High rainfall in the north 
and nor thwest (1100-1525 mm) has resul ted in 
leached ac id soils with assoc ia ted pops prob lem in 
groundnuts . 
The off icial ly marketed nat ional p roduct ion of 
groundnuts reached a peak of 14 8101 in 1967. The 
total product ion probably far exceeded this f igure 
because large quant i t ies of g roundnuts are c o n -
s u m e d locally. In 1968 sales through off icial c h a n -
nels d ropped to 5390 t . Later p roduct ion has 
f luc tuated, but reached a lower peak in 1976 w h e n 
9467 t were off icial ly marketed. Tab le 1 shows the 
* Groundnut Breeder, Agronomist , and Pathologist, respectively, Msekera Regional Research Stat ion, 
Zambia . 
P.O.Box 10089,Chipata, 
Internat ional Crops Research Insti tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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P r o d u c t i o n 
Domest ic consumpt ion has taken an increas ing 
share of the groundnut p roduct ion . In 1 9 7 1 , 
approx imate ly 8 0 % of al l g roundnuts marke ted by 
the Eastern Prov ince Market ing Union wen t to 
export markets , but by 1976 only 17 .8% of the 
Eastern Co-opera t i ve Union 's marke ted p roduc -
t ion was expor ted. 
Whi le Zamb ia ' s populat ion has been increas ing 
at a rate in excess of 3%/y r , g roundnut p roduc t ion 
has fal len by 20 - 30% , resul t ing in a shor tage of 
edib le g roundnuts for both h o m e consumpt ion and 
export . 
Pr ices of fered on the wor ld market for expor ted 
Cha l imbana canno t c o m p e t e wi th what the urban 
consumer is wi l l ing to pay for edib le nuts dur ing the 
current shor tage. Any product ion inc rease will 
have to first satisfy this d e m a n d before g roundnu ts 
b e c o m e avai lable for export . 
The shor tage is l ikely to persist as long as the 
relat ive profi tabi l i ty of maize over g roundnuts 
remains high. S ince 1978, there has been a s teady 
dec l ine in the va lue of g roundnuts c o m p a r e d wi th 
maize, mak ing groundnuts less prof i table to grow. 
There seems to have been a posi t ive response by 
farmers to this t rend leading to a reduced g round-
nut hec tarage g rown by fewer farmers. 
Nat ional vegetab le oil d e m a n d was approx i -
mate ly 3 3 2 7 5 1 dur ing 1984. For the 2-year per iod 
1979-80, of 29 7001 of edib le oil sold by Ref ined Oil 
Products (1975) L imi ted, only 3 7 % was p roduced 
local ly (MacFar lane 1983). Dur ing 1 9 8 1 , edib le oil 
p roduct ion by this c o m p a n y was 12.5% of the 
nat ional demand . Very little of this c a m e f rom 
groundnuts . 
Yie ld Potent ia l 
Most g roundnuts are g rown by smal l -sca le fa rmers 
and are important as a sou rce of protein as wel l as 
cash . Acco rd i ng to a recent s tudy on market ing in 
the Eastern Prov ince, more than 5 0 % of the 
groundnut g rowers fa rm less than 4 ha, of wh i ch 
only 0.6 ha is groundnuts . 
At research stat ions g roundnuts y ie ld 1.5-3.0 
t / h a depend ing upon the cult ivar. With proper m a n -
agement under fa rmers ' condi t ions, 1.0-1.6 t / h a 
shou ld be an easi ly at ta inable y ie ld. Ac tua l m e a n 
yields by smal l fa rmers do not e x c e e d 560 k g / h a . 
T h e large f luctuat ions in nat ional g roundnut 
p roduct ion may be due in part to a labor shor tage, 
espec ia l ly a t p lant ing, weed ing , and harvest ing 
t imes, wh i ch co inc ide with those of maize. 
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marked dec l ine in marke ted product ion f rom 1976 
to the present. The vo lume of sa les d ropped to a 
low of 7 9 4 1 in 1982 but p icked up aga in sl ightly in 
1983 to approx imate ly 983 t (pre l iminary est i -
mates) . Dur ing this per iod the eastern p rov ince 
prov ided most of the g roundnuts marke ted . 
The dec l ine in product ion is a lso ref lected in the 
quant i ty of g roundnuts avai lab le for expor t (Table 
2) and the value of fore ign exchange earned f rom 
sales abroad. 
I t is near ly imposs ib le to arr ive at t rue g roundnu t 
consumpt ion d e m a n d f igures because of l imited 
in format ion on the total marke ted product ion , the 
vo lume mov ing th rough informal channe ls , and the 
quant i ty g roundnut p roducers retain for their o w n 
consumpt ion . 
Ut i l i za t ion 
Table 1. Groundnuts officially marketed in Zambia, 
1976-83. 
Year 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
Groundnut production (t) 
Zambia 
9467 
7462 
2 2 3 4 
2737 
2 0 2 8 
1320 
794 
983 
Eastern Province 
7 3 3 0 
3062 
1672 
2241 
1455 
912 
741 
948 
Source: 1982 Agricultural Statistical Bulletin, and Namboard 
Report as of 14 /10 /83 . 
Table 2. Groundnut exports from Zambia, 
1971-1982 . 
Year 
1971 
1972 
1973 
1974 
1975 
1976 
Quantity (t) 
4 1 7 1 
4431 
1997 
2 1 4 5 
2 8 8 0 
1289 
Year 
1977 
1978 
1979 
1980 
1981 
1982 
Quantity (t) 
9 9 0 
378 
465 
26 
Nil 
Nil 
Source: Eastern Province Co-operative Union 1983. 
Farmers prefer to use their o w n seed saved f rom 
the prev ious year 's harvest. T h e pr ice of improved 
seed is a major deterrent , and fa rmers still need to 
be conv inced that the use of this seed will prov ide 
adequate returns for the added investment . There 
is a c o m m o n tendency a m o n g fa rmers to sk imp on 
seed , and thus not have an opt imal plant popu la -
t ion. Another major p rob lem is the use of nonviab le 
or d a m a g e d seed wh i ch is prone to infect ion by soi l 
fungi . 
Early work (1955-63) c o m p a r e d local t radi t ional ly 
g rown cul t ivars with new in t roduced select ions. 
Both Maku lu Red and Mani Pintar gave cons ider -
ably higher y ields than other cul t ivars, inc lud ing 
Cha l imbana. S ince Mani Pintar showed var ietal 
instabil i ty, Maku lu Red was a c c e p t e d as the most 
sui table h igh-y ie ld ing cult ivar. 
Dur ing 1963-68 a large ge rmp lasm co l lec t ion of 
1000 cul t ivars and se lect ions was g rown and c las-
sif ied acco rd ing to the sys tem of Bunt ing (1955). 
Studies on Cha l imbana in the late 1960s showed 
a p reponderance of two-kerne l pods i r respect ive of 
their or igin f rom seed of one- , two- , or th ree-
keme led pods. Large seeds tended to p roduce a 
large proport ion of two-kerne l pods wi thout affect-
ing total y ield. Plant ing large seeds for the of f - take 
of larger kerneled nuts was just i f ied. 
A ser ies of trials was conduc ted to g row uni form 
plant types and large seeds of Sigaro Pink, and a lso 
to determine its y ield per fo rmance. Though i t was 
super ior to Cha l imbana, i t was lower y ie ld ing than 
Maku lu Red. Sigaro Pink was cons ide red to be a 
dual purpose cult ivar, sui ted as a smal ler seeded 
qual i ty groundnut for export as wel l as for oil. As a 
long te rm measure , c ross ing i t with Cha l imbana 
was suggested. 
Sarmezey (1978) sc reened cul t ivars for pops 
to le rance in leached ac id soils f rom 1973-77. Of 
the four cul t ivars found relatively tolerant, th ree 
be longed to the Kongwa Runner group. Copperbe l t 
Runner (a se lect ion f rom TMV-1) had 26 .9% pops 
and a shel led y ie ld of 1120 k g / h a . The contro l , 
Maku lu Red, p roduced 69 .5% pops and y ie lded 718 
k g / h a . 
Mul t i locat ion trials wi th 16 shor t -season exot ic 
cul t ivars were c o n d u c t e d in the 1970s but no cu l -
t ivar was super ior to Natal C o m m o n . 
The above f indings prov ided a basis for r e c o m -
mend ing the fo l lowing three cul t ivars for g rowing by 
Zamb ian fa rmers in a range of dif ferent condi t ions. 
1. Cha l imbana: A Virginia j umbo runner type of 
long s tanding in the Eastern Prov ince for expor t 
as a p rem ium nut. Th is was the only cul t ivar 
a l lowed to be g rown in the Eastern Prov ince unti l 
th is ban was lifted in 1975. The cul t ivar is a lso 
popular for h o m e consumpt ion , especia l ly in 
urban areas. 
Leaves are large and dark g reen. The c rop 
matures within 140-160 days of p lant ing. Pods 
are very large to large and predominant ly t w o -
seeded . Seeds are very large, round-ended , 
pink, and have a do rmancy per iod of 30 days. 
2. Maku lu Red: Be longs to the Nambyqua rae 
Bunch Group, probably an ou tc ross of Man i 
Pintado (Mani Pintar) se lec ted by Smart t in 
1960. The cul t ivar has excel lent y ie ld, h igh oil 
content , and uni form pod size. I t is sui table for 
mach ine shel l ing. 
Leaves are large and med ium green. I t 
matures in 135-145 days. Pods are large, 
strongly beaked, sl ightly const r ic ted and str ict ly 
two -seeded . Seeds are large, red, and of ten flat 
ended . R e c o m m e n d e d for g rowing in h igh rain-
fall areas. 
3. Natal C o m m o n : A shor t -season cul t ivar wi th a 
g rowing per iod of 110-120 days. Be longs to the 
Sequent ia l Spanish Bunch Group. Leaves are 
light g reen, and pods are smal l , unconst r i c ted , 
and two-seeded . Seeds are smal l , pale buff, 
nondormant , and are sui table for oil. R e c o m -
mended for g rowing in dry, shor t -season areas. 
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Cultivars Grown 
P r o d u c t i o n P r o b l e m s 
Since the re lease of these three cul t ivars, a number 
of product ion prob lems have ar isen that need to be 
resolved through further research. No single cu l -
t ivar is ent irely sat isfactory under Zamb ian cond i -
t ions; all have shor tcomings. 
Whi le Cha l imbana remains the most popular cu l -
t ivar for h o m e consumpt ion and export of h igh pre-
m ium kernels, its y ield potent ial is wel l be low that of 
Maku lu Red. Its indeterminate runner g rowth habit 
p roduces pods of vary ing size. Pods are a lso th ick 
shel led. T h e extra large kernel has a thin testa and 
splits easi ly when dry i f hand led care less ly The 
Var ie ty I m p r o v e m e n t 
B a c k g r o u n d 
cul t ivar is moderate ly suscept ib le to ce rcospo ra 
leaf spots and rust. I t g ives up to 5 0 % pops on ac id 
soils (below 4.5 pH). 
Maku lu Red per forms wel l as an oil seed under 
all levels of farming sys tems. Even so, i t has never 
been popular as a food protein source in Zamb ia 
because of its unat t ract ive kernel f lavor, color, and 
appearance . Aga in its h igh vulnerabi l i ty to pops 
(70%) limits its p roduct ion capac i ty in the high rain-
fall zone for wh i ch i t has been se lec ted. 
Natal C o m m o n is highly suscept ib le to c e r c o s -
pora leaf spots and bears non-dormant and f lat-
ended smal l kernels. The re is s c o p e for improv ing 
yield, kernel size, and d isease res is tance in this 
cult ivar. 
Def ic ienc ies noted in the exist ing g roundnut cu l t i -
vars are be ing reduced by appropr ia te breed ing 
techno logy. The object ives of the present p rogram 
(1980-84) are to deve lop geno types wi th one or 
more of the fo l lowing features: 
1. High yield potent ial (under either poor or 
a d v a n c e d managemen t ) . 
2. Uni form, wel l - f i l led pods (thin shel ls and sui table 
for mach ine shel l ing). 
3. Excel lent kernel qual i ty (accep tab le for export , 
home consumpt ion , a n d / o r oil). 
4 . Accep tab le ag ronomic charac te rs ( ideal plant 
spread or matur i ty per iod, c lose p lacement of 
pods, h igh pod retent ion at harvest, and easy 
str ipping). 
5. D isease res is tance (cercospora leaf spots, rust, 
Af laroot d isease, fusar ium wilt and rh izoctonia 
r o o t / p o d rot). 
Because Cha l imbana nuts are so important for 
domest ic food use and export earn ings ( 7 0 - 8 0 % of 
g roundnut product ion) , h igh research priority is 
g iven to improvement of this cult ivar. Loca l Cha l im-
bana land races g rown by smal l fa rmers (Mayoba , 
Nsenga, Kayowa, etc.) are repor ted to have a fair 
amoun t of variabi l i ty for plant type, g rowth habit, 
matur i ty per iod, and pod and kernel charac te r i s -
t ics. To exploi t poss ib le variabi l i ty for h igher y ie lds, 
a s izeable co l lec t ion (150 entr ies) f rom fa rmers ' 
seed lots in the major g roundnut g rowing areas of 
the Eastern Prov ince w a s made (1980). Visits by 
I B P G R / F A O miss ions to spec i f ic agr icu l tura l a reas 
o f Zamb ia dur ing success i ve years (1980-82) 
further en r i ched the co l lec t ion. The entr ies we re 
g rown in observat ion rows and the most promis ing 
were entered in prel iminary tr ials for y ield assess-
ment, either d i rect ly or after putt ing them through 
progeny evaluat ion for t rue-breed ing l ines. Even 
though a smal l number were a d v a n c e d to large 
sca le mul t i - locat ion trials, the y ie ld increases noted 
a m o n g them so far were not very impressive. A few 
predominant ly th ree-seeded l ines showing uni form 
pod size were identi f ied. Some la rge-seeded intro-
duct ions with reduced lateral spread were tr ied but 
none gave as g o o d a kernel qual i ty as Cha l imbana. 
To further improve the high oil p roduct ion cul t ivar 
Maku lu Red, wh i ch p roduces approx imate ly 1 0 % of 
the count ry 's groundnuts , h igh-y ie ld ing, super ior 
qual i ty p ink -seeded se lect ions deve loped f rom the 
cult ivar Sigaro Pink (select ion f rom Maku lu Red) in 
Z imbabwe were in t roduced. A long with others, 
these were c o m p a r e d in mul t i locat ion trials. 
A l though no signi f icant y ield improvement over 
Maku lu Red was noted, a posit ive ga in in seed 
qual i ty was obvious. Maku lu Pink, an inconsistent 
yielder, matures early and bears at t ract ive smal l 
s ized pink seed. The pops tolerant Copperbe l t 
Runner (TMV 1 select ion) yields poor ly on non -
ac id ic soils and shows modera te suscept ibi l i ty to 
leaf spots. 
In an effort to identify a sui table rep lacement for 
the shor t -season Natal C o m m o n , about 1 5 % of the 
total g roundnut product ion, a series of adaptat ion 
tr ials were conduc ted with improved in t roduced 
cul t ivars. The cult ivar Comet consistent ly y ie lded 
higher ( increases of 7-10%). The kernel size and 
leaf spot res is tance of this cul t ivar require 
improvement . 
To diversi fy seed mater ials, a large number of 
in t roduct ions have been made f rom Afr ica, Amer -
ica and Asia, most in cu l t ivated forms. The co l lec-
t ion, inclusive of the local land races, is now over 
850 entr ies. These are g rown e a c h year in s ingle 
observat ion rows, main ta ined, eva luated, and ca ta -
logued for important agromorpho log ica l cha rac -
ters, inc luding res is tance to important pa thogens. I t 
serves as a useful reservoir of donor genes for the 
hybridizat ion program. 
To genera te variabil i ty, del iberate breeding is an 
important componen t of the groundnut improve-
ment p rogram. Dur ing the past two years a number 
of p lanned c rosses have been a t tempted to 
remove def ic ienc ies in the exist ing cul t ivars. Some 
ear ly- and advanced-genera t ion c ross bulks wi th 
des i red combina t ions have been rece ived f rom 
ICRISAT (Hyderabad and Li longwe). Segregat ing 
progenies are sc reened using the modi f ied ped i -
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The broad ob ject ives of breeding for high y ie ld 
(under both poor and top management ) , accep t -
able seed qual i ty (for home consumpt ion , export , 
and oil), and d isease res is tance, will be met by an 
intensif ied hybridizat ion program. We look fo rward 
to a f ree f low of new improved cul t ivars and seed 
mater ials, espec ia l ly a m o n g neighbor ing count r ies . 
Cons iderab le re l iance is p laced on the very useful 
coopera t ion a l ready being ex tended to us by the 
ICRISAT Regional Program, L i longwe, in readi ly 
under tak ing sugges ted c rosses, supply ing c ross 
bulks (in var ious generat ions) , and in putt ing out 
regional tr ials of promis ing f ixed l ines for local 
evaluat ion. 
of suscept ib le cul t ivars l ike Natal C o m m o n wi th 
h igh y ie ld losses. Invest igat ions by Smart t (1966) 
on leaf spots ind ica ted that appl icat ion of fung i -
c ides to the cul t ivar Spanish 809 inc reased y ie lds 
4 0 - 1 0 0 % and doub led the number o f large kernels. 
The cul t ivar Maku lu Red showed no such response 
to fung ic ide appl icat ion b e c a u s e of its to le rance to 
leaf spots. 
Screen ing for leaf spots res is tance in Zamb ia 
began dur ing the 1981 / 8 2 season a t the Nat ional 
Irr igation Research Stat ion, Nanga. Dur ing the sub -
sequent year this work was under taken at Msekera 
Regional Research Stat ion, Chipata, Eastern Pro-
v ince. The natural o c c u r r e n c e of ear ly leaf spot at 
the stat ion is fairly uni form w h e n suscept ib le l ines 
are p lanted dur ing late November to ear ly 
December . This a l lows for useful f ie ld sc reen ing of 
mater ia ls under test in the fol iar d iseases nursery, 
germp lasm, and breeding trials. Late leaf spot (C. 
personatum) is less c o m m o n and se ldom causes 
ser ious yield losses. 
Dur ing the 1 9 8 1 / 8 2 and 1 9 8 2 / 8 3 seasons , 43 
ICRISAT Groundnut Foliar D isease Nursery entr ies 
and three local cul t ivars (Natal C o m m o n , Cha l im -
bana, and Maku lu Red) were sc reened a t Nanga 
and Msekera . Of these, only 13 ICRISAT entr ies 
showed a d isease score of 4 or be low on the 9 point 
sca le (1 = no d isease and 9 = extensive d a m a g e to 
the fol iage) against the leaf spots at both locat ions. 
The suscept ib le cont ro l Natal C o m m o n sco red as 
high as 7. 
Dur ing 1 9 8 3 / 8 4 , 58 entr ies (28 ICRISAT entr ies 
and 30 other cul t ivars) are be ing tested in two 
repl icat ions at Msekera. T w o spreader rows of 
Natal C o m m o n were p lanted after every four test 
entr ies wi th two spreader guard rows p lanted 
around the trial. Ten weeks after p lant ing, Natal 
C o m m o n , Argent ine, and Sellie gave a score of 7 
for ear ly leaf spot. Forty-four en t r ies /cu l t i va rs 
showed a rat ing of 4 or be low and the lowest dis-
ease Inc idence was recorded in Puerto Rico 62, 
Ch. 1 4 8 / 8 0 , RG 8, ICG 4790, ICG 6322, ICG 7884, 
and ICG 7897. Final observat ions wil l be reco rded 
2 weeks prior to harvest ing. 
Tab le 3 summar izes leaf spot res is tance dur ing 
three seasons (1981 -1983) for 12 promis ing ICRI-
SAT entr ies. 
Rosette 
Groundnut rosette v i rus d isease has been repor ted 
f rom most count r ies in Af r ica south of the Sahara, 
inc luding Zamb ia . Chlorot ic rosette is w idespread 
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gree se lect ion method (Br im 1966). A very w ide 
spec t rum of variabi l i ty has been observed a n d pos-
sibil i t ies of secur ing potent ial ly promis ing g e n o -
types are qui te h igh. 
Product ion of b reeders ' seed of re leased cul t i -
vars is an integral part of the breeding work. 
Upgrad ing a n d renovat ion of the cul t ivars is a regu-
lar feature. T h e c rop is g rown in isolat ion to avo id 
outcross ing and rogue plants are removed tw ice 
dur ing the growing season and at harvest. Any 
doubt fu l looking kernels are removed at shel l ing. 
The se lec ted seed goes to p roduce the prebas ic 
seed. 
Plant Pro tec t ion 
Diseases 
Diseases are a major constra int to g roundnut pro-
duct ion in Zamb ia . Angus (1966) repor ted 16 dis-
eases on the groundnut c rop . In recent years s o m e 
new d iseases like rust (Puccin ia arachidis Speg.), 
Phoma blight (Phoma sp.), pepper spot (Leptos-
phaerulina sp.), and peanut mott le virus have been 
observed in the Eastern Province. 
Leaf spots (Cercospora arachidicola Hor i and 
Cercosporidium personatum ( B e r k & Cur t . } 
Deighton), rosette virus d isease, rust, af laroot, and 
af latoxin (Aspergillus flaws Link ex. Fr.) are the 
most widely d ist r ibuted and economica l l y impor-
tant groundnut d iseases in Zambia . 
Leaf spots 
Of the leaf spots, early leaf spot (C. arachidicola) is 
the most ser ious. I t causes a lmost 1 0 0 % defol iat ion 
Table 3. Reaction of 12 ICRISAT foliar disease 
resistant lines to leaf spots at 3 sites in Zambia. 
Genotype 
ICG 1705 
ICG 1707 
ICG 2 7 1 6 
ICG 4 7 4 7 
ICG 4 7 9 0 
ICG 6022 
ICG 6 3 3 0 
ICG 6 3 4 0 
ICG 7881 
ICG 7013 
ICG 7888 
ICG 7897 
Natal Common 2 
Reaction to leaf spots1 
Nanga 
(1981/82) 
4 
4 
4 
4 
4 
4 
4 
4 
2 
4 
2 
4 
9 
Msekera 
(1982/83) 
4 
4 
3 
3 
3 
4 
3 
3 
4 
3 
4 
4 
7 
Msekera 
(1983/84) 
4 
3 
4 
4 
3 
4 
3 
4 
4 
4 
3 
3 
7 
1. Leaf spots scored on a 9-point rating scale (1 = no disease, 
9 - 50 to 100% foliage destroyed) 
2. Standard susceptible cultivar. 
and dest ruc t ive on late p lanted c rops and on c rops 
wi th sparse plant s tands. T h e rosette v i rus is t rans-
mi t ted by Aphis craccivora K o c h . Not m u c h work 
has been d o n e on roset te in Z a m b i a excep t on the 
ef fect of t ime of sow ing (Smartt 1966). Late p lanted 
groundnuts (cv. Man i Pintar) w i th poor plant s tands 
s h o w e d higher i nc idence (36-85%) than earl ier 
p lanted c rops wi th ful l s tands (2-6%). T w o possib le 
reasons are: 
• the isolated plants act as more ef f ic ient 
" c o m b s " for aph ids borne in air cur ren ts than 
plants in a con t inuous mass , a n d 
• dest ruc t ion of aph ids by predators may be more 
eff ic ient in ful l s tands. 
In l imited sc reen ing done under natural f ie ld c o n -
di t ions in recent years four entr ies were resistant to 
rosette: RG 8, RG 1 1 , RMP 12, and Kl PR 19 BUS. 
Extensive sc reen ing a n d breed ing for res is tance 
wi l l beg in dur ing the 1 9 8 4 / 8 5 season . 
Rust 
This d isease w a s first obse rved in Z a m b i a dur ing 
the late 1970s. T h e d isease is most ser ious on 
long-season loca l l and races o f the Cha l imbana 
In genera l , insect pests have rece ived little a t ten-
t ion in Zamb ia . A l though relat ively less important 
than d isease damage , more severe d a m a g e m a y 
oc c u r than is recogn ized at present. Aph ids (Aphis 
craccivora), leaf hopper (Empoasca spp.), thr ips, 
lepidoptera caterpi l lars, and termi tes are c o m m o n 
groundnut pests in Zambia . 
Severe infestat ion by aph ids was not iced at the 
Exper imenta l Stat ion and in fa rmers ' f ie lds dur ing 
mid -January 1984 w h e n there w a s an ex tended 
drought o f 2 -3 weeks . The pest c a u s e d stunt ing 
and dry ing of plants over an extens ive area. 
Leaf hoppers c a u s e d character is t ic distort ion of 
fo l iage dur ing the first two months of g rowth . Some 
tolerant l ines were found in the ge rmp lasm and 
breed ing mater ia ls. Both aph ids and leaf hoppers 
c a n be ef fect ively cont ro l led by the app l ica t ion of 
c o m m o n l y used insect ic ides. 
Termi tes have been observed to c a u s e sporad ic 
wi ther ing of plants dur ing the reproduct ive s tage of 
the c rop under condi t ions of ex tended drought . 
Termi tes c a n be cont ro l led by the app l ica t ion of 
A ld inel 48 EC or Furadan 41 EC. 
Angus, A. 1962-66. Annotated list of plant pests, dis-
eases and fungi in Zambia. 7 pts. Chilanga. Zambia: 
Mount Makulu Research Station. 
Beringer, H., and Taha, M.A. 1975. Calcium 45 absorp-
tion by two cultivars of groundnut. Chilanga, Zambia: Uni-
versity of Zambia. Report. 
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Pests 
type in the Eastern Prov ince. Dur ing the cur ren t 
season , f ie ld sc reen ing o f ge rmp lasm and breed ing 
mater ia ls has been under taken. T h e most promis-
ing entr ies wil l be fur ther sc reened in the rust 
nursery next season. 
Aflaroot and Aflatoxin 
Aspergillus flavus causes both af laroot and af la-
tox in p rob lems in groundnuts . Af laroot s ymp toms 
on groundnuts were observed both a t research 
stat ions and in fa rmers ' f ields. T h e inc idence is 
more severe on Cha l imbana than on other cu l t i -
vars. A prel iminary s tudy of y ie ld loss c a u s e d by 
this d isease in Cha l imbana cul t ivars wil l be c o n -
duc ted dur ing the 1 9 8 3 / 8 4 season . 
The s a m e fungus, A. flavus, c a n p roduce af la-
tox in in g roundnuts dur ing storage. 
Brim, C.A. 1966. A modified pedigree method of selec-
tion in soybeans. Crop Science 6:220. 
Bunting, A.H. 1955. A classification of cultivated 
groundnuts. Empire Journal of Experimental Agriculture 
23:158-179. 
Gibbons, R.W., Bunting, A.H., and Smartt, J. 
1972. The classification of varieties of groundnut (Ara-
chis hypogaea L ) . Euphytica 21:78-85. 
Herbert, R.F. 1970. Summary of work done on the prob-
lem of pops in groundnuts. Report of the Research 
Branch, Mount Makulu. Chilanga, Zambia: Department of 
Agriculture. 
MacFarlane, W. 1983. Study of the oilseed industry in 
Zambia. Consultant's Report to National Oilseeds Devel-
opment Program, Zambia. Rome, Italy: FAO. 
Sarmezey, A.A.V. 1978. Groundnut (Arachis hypogaea 
L) , variety selection and experiments with respect to 
pops. (MN 1929 series). Research Branch, Memoir no. 22. 
Chilanga, Zambia: Department of Agriculture. 
Smartt, J. 1966. Groundnut production in Zambia. 
Report of the Central Agricultural Research Station, 
Mount Makulu, Chilanga, Zambia: Department of 
Agriculture. 
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Records of ag ronomic trials on the groundnut c rop 
go back to the 1 9 5 4 / 5 5 season. At that t ime, s imple 
t ime-of -p lant ing trials were establ ished at the Cen-
tral Research Stat ion, Mt. Maku lu , Lusaka. Similar, 
but more sophis t ica ted trials were laid out in the 
1 9 5 8 / 5 9 season at a number of sites, inc lud ing Mt. 
Maku lu , Eastern Province, and Southern Province. 
Yields were substant ia l ly reduced by de layed 
sowing after the first rains. Later sowings were 
severely af fected by rosette and sub jec ted to high 
inocu lum potent ia ls of leafspot throughout their life. 
Emergence and estab l ishment were also very poor 
in later sowings. The yield per plant was also m u c h 
reduced for both ear ly- and la te-matur ing cul t ivars, 
whi le the yield of large high g rade kernels was 
higher f rom ear ly rather than late sowings. These 
tr ials inc luded local runner types, G B - 1 , Mani Pin-
tar, and Maku lu Red. 
The meri ts of dry plant ing were a lso invest igated. 
As the op t imum period for plant ing g roundnuts 
co inc ided with that of maize, groundnut wou ld tend 
to take second p lace in the farmer 's p lant ing 
calendar. Dry plant ing, a l though possibly leading to 
de layed and uneven seedl ing emergence , was still 
cons idered to be useful as late plant ing wou ld lead 
to yield losses. 
Early invest igat ions into op t imum t ime of lifting 
for the c rop sought to determine the t ime needed to 
p roduce the max imum crop yield, and also to m e a -
sure the ef fects of de layed harvest on y ie ld and 
quality. Trials f rom 1959-1961 at three sites found 
that de layed lifting (i.e., after about 150 days for 
long-season cul t ivars and 130 days for Spanish 
types) was responsib le for heavy losses f rom pod 
shedding caused by dis integrat ion of the plant a n d 
termite at tacks. 
The first trials to test var iat ions in plant popu la-
t ions and spac ing were init iated at three si tes in the 
1 9 5 8 / 5 9 season using the local runner types Man i 
Pintar and Maku lu Red. Fixed spac ings be tween 
r idges (or rows) of 60 cm and wi th in- row spac ings 
of 7 .5 ,15, and 30 c m , were used. These trials we re 
* Agronomis t , Msekera Regional Research Stat ion, PO Box 510089, Chipata, Zambia. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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S o w i n g a n d Harvest T i m e , P lant 
Popu la t ions , a n d W e e d C o n t r o l 
Summary 
This paper reviews agronomic research in Zambia from 1954 to the present. Data are presented on 
effects of dates of sowing and harvest, plant populations, cultivations and weed control, and 
fertilizers on crop production. The problem of pops is extensively reviewed. Current work is 
described and future research priorities listed. 
A Review of Agronomic Work in Zambia, 
and Prospects for the Future 
G. Kelly* 
A cons iderab le amount of fertil izer response work 
has been done on the groundnut c rop in Zamb ia . 
Early work looked at the ef fects of gypsum app l i ca-
t ion at the f lower ing stage, and this was found 
useful a t s o m e sites but not others. The 1 9 5 8 / 5 9 
season saw the init iation of basic nutr i t ion tr ials on 
the c rop , wi th s igni f icant responses to n i t rogen at 
two si tes and to phosphorous at one site. I t must be 
admi t ted that responses to d i rect ly app l ied ferti l iz-
ers in Zamb ia have been inconsistent . T h e g round -
nut is known as the "unpred ic tab le l e g u m e " for 
good reasons. 
Zamb ian recommenda t ions for the c rop have 
d rawn on Amer i can exper ience and pract ice. The 
cerea l componen t of the rotat ion is fert i l ized ade-
quately to ensure suff ic ient residual nutr ients are 
present at the cor rec t depth in the soil profi le where 
they may be explo i ted by the deep- roo t ing g round -
nut plant fo rming the next course in the rotat ion. 
Maize has a relat ively sha l low root sys tem and 
can eff ic ient ly utilize superf ic ia l ly appl ied ferti l izer 
w h i c h is then t rans loca ted deeper in the soil prof i le 
for use by the groundnut plant. Such r e c o m m e n d a -
t ions p resuppose app l ica t ion of c o m p o u n d ferti l izer 
to the p reced ing c rop (wh ich is genera l ly maize, but 
cou ld be t obacco , sunf lower, cot ton, or sorghum) . 
In virgin land or land of inherent ly low ferti l i ty the 
Ministry of Agr icu l ture recommenda t i on is a basal 
dress ing of 200 k g / h a of TV c o m p o u n d to be ap-
pl ied (analysis 10 -20 -10 -10 [S]). There is cer ta in ly 
scope for more work to be done on ferti l izer 
response, but for the moment , the recommenda t i on 
to adequate ly fert i l ize other c o m p o n e n t s of the 
rotat ion is sensib le. 
Low soil pH tends to restr ict groundnut p roduct ion 
in Zambia , part icular ly in the nor thern belt of the 
count ry where high rainfall over a long season 
leaches soils. T h e prob lem area in Zamb ia is north 
of lat i tude 1 3 ° 3 0 ' S wh i ch inc ludes the area north of 
Zambez i , Mkush i , and Chipata, where seasona l 
rainfall is normal ly in excess of 900 -1000 m m . The 
prob lem also occu rs in pockets e lsewhere in the 
country. 
Most of the better Virginia groundnut cul t ivars are 
af fected by pops under such condi t ions. The phe-
nomenon is charac ter ized by ear ly seed abort ion, 
and a l though pods remain apparent ly normal , they 
conta in either no seeds or only minute shr iveled 
remains. Invest igat ive work relevant to this p rob lem 
has occup ied researchers in Zamb ia for nearly 20 
years. 
Format ive work on the prob lem in Zamb ia was 
done by Henr ickson , Herbert , Beringer, and Taha. 
Herbert d rew on Henr ickson 's observat ions and his 
own, and made these conc lus ions : 
• The level of ca l c ium in the soil is c ruc ia l . W h e n 
ca l c i um is in the region of 1.0-1.5 m e q / 1 0 0 g 
soil as leached out by neutral a m m o n i u m a c e -
tate solut ion, pops occur . Moreover, w h e n leaf 
ca l c ium drops below 1% or when shell ca l c i um 
drops be low 0 . 1 % , pops occur . 
• If the level of exchangeab le ca l c ium falls be low 
the cr i t ical level of 1.0-1.5 m e q / 1 0 0 g soil then 
as the ratio of K / C a increases to above 0.2, then 
pops occu r with increas ing severity. 
• Smal l -seeded cul t ivars are less suscept ib le to 
pops than la rge-seeded cul t ivars. 
• Pops c a n occu r in soi ls where the ca l c i um sta-
tus is above the cr i t ical level w h e n unfavorable 
g rowth cond i t ions prevai l , such as a drought . 
Under such condi t ions, the root hairs are unable 
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cont inued in subsequent seasons with these 
conc lus ions : 
• Ridging prac t ices per se d id not improve yie ld 
but were assoc ia ted with harvest ing ease and 
soil conserva t ion pract ices. 
• Rows shou ld be as c lose together as pract ica l , 
cons is tent with ease of r idging (where used). 
• Use of plant populat ions in excess of the r e c o m -
mendat ions for e a c h cul t ivar served no useful 
purpose: y ields were not inc reased, kernel qua l -
ity was depressed , and the cost of seed nuts 
rose to an unaccep tab ly high level. 
Current ag ronomic work is conf i rming ideal plant 
populat ions for e a c h cul t ivar present ly g rown in the 
country. 
Cul t ivat ion and w e e d contro l reg ime trials were 
also started at three sites dur ing the 1 9 5 8 / 5 9 sea-
son. Yie lds inc reased substant ia l ly at s o m e sites 
f rom e a c h success i ve interrow and intrarow cu l t i -
vat ion. The ef fects o f w e e d compet i t ion were 
important even in the later s tages of g rowth . Cur-
rent recommenda t ions are for two and preferably 
three hoe weed ings dur ing the season at approx i -
mately 20, 40, and 60 -80 days after p lant ing, fo l -
lowed by hand pul l ing of weeds thereafter. 
Pops P r o b l e m 
to absorb their nutr ients f rom the sur round ing 
soi l . 
• A lum in ium levels In the soi l a re a lso imp l ica ted 
in the prob lem. As soi l pH drops be low 4.5, 
exchangeab le a lumin ium inc reases t r emen -
dously. Addi t ion of ca l c i um in the fo rm of gyp -
s u m has been found relat ively inef fect ive in 
ei ther lower ing a lumin ium levels or rais ing pH, 
c o m p a r e d to the s a m e amoun ts o f ca l c i um 
added as l ime. 
Excess ive a lumin ium can inhibit the uptake of nut-
r ients by the root hairs, resul t ing in pops. T h e 
recommenda t i ons fo l lowing Herbert 's report were 
to: 
• Conf i rm the cr i t ical level of ca l c i um and its rela-
t ionship wi th potass ium levels. 
• Invest igate the e c o n o m i c aspec ts of gypsum 
a n d / o r l ime appl icat ions to amel iorate pops 
soils. 
• Breed cul t ivars suitable for use in the more 
leached-so i ls areas of Zambia . 
Ber inger and T a h a used nutr ient solut ions (Ca 
labeled wi th 4 5Ca) when they c o m p a r e d Maku lu 
Red and Natal C o m m o n cul t ivars. They found that 
the t rans locat ion of ca l c ium f rom shel ls to seeds 
was greater in the sma l l -seeded sequent ia l Natal 
C o m m o n . I t a lso showed less suscept ib i l i ty to pops 
than Maku lu Red, and hence a better ca l c i um 
supply f rom the shel ls to the seeds inhibi ted pops in 
this cult ivar. 
Tr ials con f i rmed the cr i t ical level of ca l c i um as 
1.0-1.5 m e q / 1 0 0 g soi l . In the Nat ional L ime Trials 
( M N - 1 9 4 4 series) i t was c lear ly demons t ra ted that 
the level of soil ca l c i um was related to shel l ing 
percen tage and y ie ld. 
Most tr ials showed that on soils wi th a pH less 
than 4.6, the response to l ime or gypsum app l ica-
t ion was suff ic ient. L ime had a posi t ive residual 
ef fect over at least 9 years after an initial app l i ca -
t ion of f inely g round l imestone at 1 -2 XI ha. G y p s u m , 
a l though easier to apply (it was s imply dus ted over 
the plants at f lower ing) , had the d rawback of be ing 
less avai lable local ly in quant i ty and giv ing errat ic 
results in soi ls of pH less than 4.5. 
L ime appl icat ion at the above rates remains the 
current recommenda t ion . There are a number of 
l ime deposi ts located in the pops p rob lem areas in 
Zamb ia w h i c h have yet to be explo i ted. As a d d e d 
ev idence to just i fy their explo i tat ion, we c a n refer to 
the M N - 1 9 4 4 ser ies of tr ials (Nat ional L ime Trials). 
These were car r ied out at six dif ferent low pH sites 
for severa l seasons and at one si te (M isamfu in 
Nor thern Prov ince) for 10 years . At this site, the 
residual ef fect of a s ingle basal dose of 1 -2 t / h a of 
l ime was still measurable s o m e 9 years after initial 
appl icat ion, on a ma ize-groundnut rotat ion. If the 
initial cost of explo i tat ion, t ransport , and app l ica t ion 
of l ime pays off over a d e c a d e wi th inc reased pro-
duct ion for both componen t s of the rotat ion, then 
the or iginal expenses may be just i f ied. 
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Present A g r o n o m y P r o g r a m 
The groundnut t eam (breeder and agronomis ts ) i s 
based at Msekera Research Stat ion outs ide C h i -
pata in Eastern Prov ince. T h e t e a m has a nat ional 
responsibi l i ty wh ich involves ex tens ive tour ing, and 
p lacement of local ly re levant tr ials at o ther reg ional 
research stat ions and substat ions in the count ry . 
T h e present p rogram is gea red to a tho rough 
invest igat ion of ag ronomic product ion aspec ts of 
three important g roundnut cu l t ivars re leased in 
Zamb ia (Cha l imbana, Maku lu Red, and Natal C o m -
mon) . T w o other cu l t ivars not yet re leased but c o n -
s idered promis ing by the Breeder are a lso be ing 
studied (Comet and MgS-1) . 
Spac ing and plant populat ion studies have been 
car r ied out over two seasons to con f i rm present 
recommenda t ions for the first three cul t ivars, and 
to see i f the two new cul t ivars must be t reated 
differently. Farmers ' f ield trials on spac ing , at 18 
sites a round Chipata, have also been p lanted. Fer-
tilizer response work on the cul t ivars Cha l imbana 
and Maku lu Red, inc luding possib le d i f ferences in 
ef fect iveness of s ingle and triple superphospha tes 
and a range of phosphate levels, is be ing 
examined. 
A large Rhizobium inoculat ion trial on six cul t i -
vars is laid out this year in coopera t ion with the 
Microbio logy Depar tment at Mt. Maku lu Research 
Station. This features six basic inocula, mixtures of 
them, and four n i t rogen levels for compar i son 
purposes. 
The scope and s tandard of past ag ronomic work in 
Zambia has had to be careful ly rev iewed so as not 
Future D i rec t ion of the 
A g r o n o m y P r o g r a m 
Research on Pops since 1970 
to repeat previous work. Some areas have been 
wel l covered , others less so. 
• Even i f there has been exhaust ive work done on 
old cul t ivars, new cul t ivars emerg ing f rom the 
breeding program must be inc luded in agro-
nomic trials to establ ish whether or not their 
growth behavior is similar to that of exist ing 
cult ivars, and i f not, what changes must be 
made in recommenda t ions to the farmer. Th is is 
an ongoing task of the program. 
• The p lace of groundnut in the rotat ion will a lso 
be more c losely examined to help answer these 
quest ions: What possib le n i t rogen cont r ibut ion 
will benefi t succeed ing c rops in the rotat ion, and 
how little fertil izer is needed to susta in both 
cereal and groundnut componen t s of the rota-
t ion? In some parts of Eastern Prov ince, fa rmers 
are encouraged to undersow pasture legumes 
(such as Desmodium and Siratro) in their maize 
crop. We need to establ ish whether there will be 
deleter ious ef fects on groundnut cul t ivat ion 
f rom this pract ice. 
• Intercropping studies involv ing groundnut , pre-
sently managed by the fa rming sys tems agron-
omist at Msekera Research Stat ion, will a lso be 
handled by the groundnut agronomis ts in sub-
sequent seasons. 
• Rhizobium inoculat ion studies are valuable if 
t ransport and refr igerat ion of cu l tures can be 
eff iciently managed . Such studies must fo rm 
part of ongoing work to seek low input methods 
of increasing yields. 
• For the more enterpr is ing smal l -sca le c o m m e r -
cial farmer, we shal l be looking at more sophist i -
ca ted product ion packages wh ich will cover all 
operat ions f rom plant ing to shel l ing. This impl ies 
(for example) work to be done on e c o n o m i c 
cost ing of var ious fung ic ide spray reg imes 
against leaf spots and deve lopment of v i l lage-
level machinery . 
• An important brief of the ag ronomy program is to 
develop s imple ox -powered mach inery to ease 
the tasks of: 
• weed ing the c rop (a labor bot t leneck co inc i -
dent wi th maize cul t ivat ions), 
• lifting the crop, and 
• shel l ing the pods (hand operated shelters). 
Some prel iminary work on these prob lems w a s 
done by a success ion of eng ineers based at 
Magoye Research Stat ion in the south of the c o u n -
try. I t is p lanned to cont inue this work next season 
with the ass is tance of an agr icul tura l engineer, 
based in Chipata, who is to work wi th the Swed ish -
funded Integrated Rural Deve lopment Program in 
Eastern Province. 
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Discussion on Zambia Papers 
Kirkby: How is groundnut sowing done in 
Zamb ia? 
Kelly: Dry sowing is done approx imate ly 10 days 
before the expec ted arr ival of the plant ing rains. 
Soil tempera tures are quite high at this t ime. If 
sowing is de layed yields may be poor. Ag ronomic 
prac t ices are being deve loped to get round this 
prob lem. 
Kirkby: Cou ld this form a breeding object ive? 
Sandhu: Shor t -durat ion cul t ivars fit well wi th late 
sowing requi rements . 
Doto: Rhizobium strain x host geno types inter-
act ions are important in soybeans and IITA is look-
ing for similar interact ions with c o w p e a . What is the 
situation with g roundnuts? 
Kelly: Research on symbiot ic n i t rogen f ixat ion is 
being done in Zambia in co l laborat ion wi th N i f T A L 
A m i n : ICRISAT also works in coopera t ion with 
Ni fTAL and research is being car r ied out at ICRI-
SAT Center on many aspects of n i t rogen f ixat ion in 
groundnuts. Col laborat ive research with sc ient is ts 
in Zambia cou ld be deve loped. 
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Pests, Diseases and Weeds in 
Groundnuts in Zimbabwe 
Desiree L. Cole* 
Summary 
Many of the weeds, pests, and diseases of groundnuts in Zimbabwe are problems in other groundnut 
growing areas in Southern Africa, but their relative importance obviously varies from country to 
country. The main weed problems in Zimbabwe are grasses such as "rapoko"and "shamva"and a 
few broad leaved species such as Commelina benghalensis and Nicandra physalodes. The weeds 
are controlled by preplant herbicide treatment and subsequent hand cultivation. 
A vast array of pests feed on groundnut foliage, the most conspicuous of which are leaf eaters 
such as loopers, semi-loopers, and bollworms. Routine insecticide sprays are necessary to keep the 
pests in check. More serious damage is done by a stem sap feeder, Hilda patruelis, which has proved 
difficult to control. 
Cercospora arachidicola and Phoma arachidicola are the main foliar diseases, and their interac-
tion is discussed. Cercosporidium personatum and Puccinia arachidis are relatively minor patho-
gens affecting plants usually 3-4 weeks prior to harvest. Botrytis cinerea is a potentially serious 
disease but most of the commercial cultivars have a fair degree of resistance. Poor stands in 
communal areas make rosette an annual problem and sporadic outbreaks are seen even in well 
managed field trials. Aflatoxin levels are carefully monitored in all batches of groundnuts received 
by the Grain Marketing Board. 
* C r o p Science Department, Universi ty of Z imbabwe, P.O. Box MP 167, Mount Pleasant, Harare, Z imbabwe. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Af r ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Hilda patruelis (Hemiptera : Tet t igometr idae) , a 
hopper, c a n be devasta t ing to g roundnu ts and in 
recent years many o f our d isease and breed ing 
tr ials have had to be a b a n d o n e d b e c a u s e o f severe 
infestat ion. Contro l is very diff icult and , to date, no 
pract ica l me thod has been dev ised . T h e life c y c l e 
of the hopper wil l g ive s o m e insight as to why 
contro l is diff icult. 
The hopper is a ided by b lack ants w h i c h he lp i t to 
penetrate the soil . These smal l insects , adul ts are 
about 5 mm long, may be seen in d is turbed soi l . T h e 
first symp toms are wi l t ing, but at this s tage the plant 
has a l ready been severe ly in fec ted and is unl ikely 
to recover. Even more f rustrat ing is that by the t ime 
the symp toms are seen , the hoppers will have 
moved to ne ighbor ing p lants a n d so the a reas sur-
rounding wi l t ing plants must be t reated in the hope 
of reach ing the hoppers . T h e only ef fect ive way to 
reach t hem is by d rench ing , but on a large sca le 
this is uneconomica l and impract ica l . 
Ba tches of smal l , e longated, whi te eggs wil l be 
found f ixed f i rmly and flat against the underground 
parts of the s tems and pods, of ten wi th in c h a m b e r s 
evacua ted by the assoc ia ted ants (Broad 1966). 
In summer (Sep to Apr) , one generat ion c a n be 
comp le ted in 6 weeks and breed ing cont inues , 
a l though more slowly, th roughout the winter on 
al ternate hosts or overwinter ing volunteer p lants 
(Weav ing 1980). T h e ants probably protect Hilda 
f rom predators and in turn feed on honeydew 
secret ions of the hopper. The comb ina t ion of 
hoppers feed ing on the sap of plants and ants 
expos ing the roots to des icca t ion th rough their 
work ing, cause the plants to wilt. Wil t ing is par t icu-
larly severe in drought years. 
Pests that t ransmit d iseases c a n also be a prob-
lem. The d a m a g e f rom rosette virus d isease is 
part icular ly ser ious. I t was virtual ly e l iminated f rom 
Z imbabwe more than a decade ago by the use of 
improved cul tural techn iques in the commerc i a l 
sector. Volunteer plants were e l iminated, all seeds 
were t reated with a sui table seed dress ing, and with 
even germinat ion a full plant populat ion g rew on 
wel l p repared soils. 
In recent t imes, the d isease has once more 
invaded the c rop and a large sect ion of the c o m m u -
nal sector has reduced groundnut p roduc t ion 
because of this d isease (Maramba 1983). Even the 
commerc ia l sector has exper ienced an inc rease in 
rosette inc idence. Important outbreaks oc c u r a few 
weeks after p lant ing, even w h e n very few aphids 
are to be found. Because they have numerous 
leguminous secondary hosts i t is highly probable 
they arr ive a l ready in fected even w h e n there are no 
local in fected volunteer plants, W h e n the aph ids 
(Aphis craccivo) are seen, spray ing wi th d imetho-
ate is essent ia l for contro l . A p rogram to breed 
cul t ivars resistant to rosette is under wav. 
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Leafspot D iseases 
The major foliar d iseases are ce rcospo ra leafspot 
(Cercosporaarach id ico la ) and w e b b lotch (Phoma 
arachidicola) (Cole 1981). A cer ta in amoun t of 
in teract ion be tween the two d iseases makes t h e m 
very interest ing to study. Cercospora leafspot co l -
onizes leaves earl ier than w e b b lo tch and these 
leaves are not suscept ib le to w e b b lo tch (Co le 
1982). Where there is no compet i t ion for leaf a rea , 
the two d iseases deve lop independent ly , but w h e n 
leaf area b e c o m e s l imit ing, ce rcospora usual ly 
inc reases at the expense of w e b b lo tch. 
M u c h research has been done in Z i m b a b w e on 
pests, d iseases, and weeds in groundnuts , yet only 
on commerc ia l fa rms have we seen dramat ic y ie ld 
increases as a result of pest managemen t ( inc lud-
ing d iseases and weeds) . In the c o m m u n a l areas, 
y ields are still abysmal ly low. Why? It is obv ious that 
the d isseminat ion of in format ion and educa t ion of 
the peasant fa rmer is or shou ld be our top priority. 
Only then wil l their y ie lds increase. 
W e e d s 
Groundnuts are p lanted in c lose ly spaced rows 
and weeds must therefore be largely cont ro l led by 
the use of herb ic ides. These , however , do not pro-
vide comp le te w e e d cont ro l and a cer ta in amoun t 
of hand and mach ine cul t ivat ion is necessa ry 
(Richards 1981). Some of the ma in weeds af fect ing 
groundnuts are: 
• Grasses. Rottboellia exaltata ( shamva grass) on 
heavier soi ls and Eleusine indica ( rapoko grass) 
on all soil types. 
• Broadleaf weeds . Acanthospermum hispidium 
(Starbr) is a f requent p rob lem, as is Bidens 
pilosa (B lack jack) , Nicandra physaloides 
(Apple of Peru) and Commelina bengalensis 
(Wander ing jew). 
Pests 
If ce rcospora leafspot is contro l led chemica l ly , 
then the plants rapidly b e c o m e infected with web 
b lotch. Unti l recent ly, no fungic ide contro l led web 
b lotch effect ively and spray programs were so 
des igned as to al low a cer ta in amount of ce rcos -
pora leafspot to deve lop before init iating the spray 
program, to delay the onset of web blotch. With 
recent advances in fung ic ide formulat ions, both 
d iseases c a n be cont ro l led and this p rac t ice is no 
longer necessary . I t was suspec ted that the host-
pathogen interact ion when ce rcospora spores 
in fected leaves t r iggered some b iochemica l 
changes in the leaves. So far we have identi f ied 
three phytoalex ins fo rmed in response to ce rcos -
pora infect ion wh ich are a lso fo rmed in response to 
web b lotch infect ion but to a lesser extent. As cer-
cospora is the earl ier colonizer, this explains why 
web blotch cannot infect ce rcospora - in fec ted 
leaves, and ce rcospora is rarely seen on web 
b lo tch- in fec ted leaves. However, stat ist ical tests 
have not revealed that ce rcospora spread is in any 
way inhibi ted by w e b b lotch, a l though there is c lear 
stat ist ical ev idence that the opposi te occurs . The 
work in this area has only just begun. 
Most of the commerc ia l l y g rown cul t ivars in Z im-
babwe have a high Botrytis cinerea to lerance. This 
led to an air of c o m p l a c e n c y that botryt is was not 
really a prob lem, and consequent ly little research 
has been d i rec ted to botrytis contro l . I t was not until 
several breeding l ines wi th res is tance to foliar 
pathogens, but not to botryt is, were g rown in trials 
that it was real ized what a potential threat botrytis 
cou ld pose. Even in dry years, botryt is has severe ly 
damaged suscept ib le plants. 
Sclerot in ia can be ser ious in irr igated g round-
nuts, but occu rs only sporadical ly . Sclerotium rolfsii 
is occas iona l ly seen. 
represents 9 0 - 9 5 % of the total y ield. In d iseased, 
defol iated plants, harvested yield c a n be less than 
5 0 % of the total y ie ld. 
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S t e m Diseases 
Aflatoxins 
Pest ic ides are appl ied on commerc ia l fa rms by 
t rac tor -d rawn equipment , either th rough h igh pres-
sure, high vo lume convent iona l sprayers or 
th rough ultra low vo lume (ULV) appl icators att-
ached to a boom. On smal l -sca le farms, pest ic ides 
are appl ied with knapsack or motor ized knapsack 
sprayers or by hand-he ld ULV appl ica tors (Co le 
and Ch ingombe 1981). 
M e t h o d s of Pest ic ide A p p l i c a t i o n 
All groundnuts del ivered to the Gra in Market ing 
Board (GMB) are analyzed for the p resence of 
af latoxins (du Toit 1977). The to le rance l imits are: 
0.005 m g / k g for af latoxin B1 and 0.004 m g / k g for 
af latoxin G1 . 
There is apprec iab le season- to -season var ia-
t ion in the level of af latoxin con tamina t ion in the 
groundnut crop. In seasons where end -o f - season 
rainfall is low, af latoxin con tamina t ion is h igh, whi le 
in more favorable seasons the levels are low. There 
are indicat ions that g roundnuts g rown in the cooler , 
high rainfall areas a long the wa te rshed have less 
af latoxin contaminat ion than those g rown in the 
hotter and drier parts of the country. 
Pod Rots 
To a large extent pod rots reflect the genera l heal th 
of the plant. Plants with little s tem or fol iar d isease 
have very little pod rot, whi le badly defo l ia ted plants 
can be ser iously af fected by pod rots (Cole 1981). 
We measure both total y ield and harvested yield. 
Harvested y ie ld is represented by the pods that are 
a t tached to the plant and total y ield is obta ined by 
g leaning all the loose pods f rom the plots as wel l . In 
fung ic ide sprayed healthy plants, harvested yield 
Du Toit, A.A. 1977. Aflatoxin research in Rhodesia. 
Rhodesia Agricultural Journal, Research Report no.1.33 
PP. 
Maramba, P. 1983. Plant pathology notes: groundnut 
rosette virus disease. Zimbabwe Agricultural Journal 
80:229. 
Richards, P.V.M. 1981. Weeds. In Oilseeds handbook. 
Commercial Oilseeds Producers Association. 54 pp. 
Weaving, A.J.S. 1980. Observations on Hilda patruelis 
Stal. (Homoptera: Tettigometridae) and its infestation of 
the groundnut crop in Rhodesia. Journal of the Entomo-
logical Society of Southern Africa 43:151-157. 
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The Present and Future Status of Groundnut 
Breeding and Research in Zimbabwe 
A.Z. Chiteka* 
This paper discusses groundnut production patterns and marketing trends in Zimbabwe. Ground-
nut is widely grown, mostly by peasant farmers, and it is the most important pulse legume crop. It is 
principally grown for home consumption and as a cash crop. The main environmental factors 
determining the nature and type of production are outlined. 
The major constraints to yield are low and unreliable rainfall often poorly distributed over the 
growing season, unadapted cultivars, diseases, and pests. Breeding is the major component of 
research on groundnuts in Zimbabwe and the objectives are discussed in the light of the production 
problems. Various other aspects of groundnut production e.g., agronomy, nutrition, mechanization, 
pathology, and entomology are currently under investigation. 
Frequently, research recommendations are not adopted by farmers. A farming systems research 
program has been initiated in conjuction with the Extension Department to bridge this gap. 
The future trends in groundnut research are outlined in the light of the present status and 
projected production trends. 
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Geographica l ly , Z imbabwe lies be tween lat i tudes 
16° and 2 2 ° S , with an al t i tude range of 160-2000 m 
above sea level. The alt i tude has a marked effect 
on c ropp ing pat terns and on this basis the count ry 
fal ls into three zones, the highveld (> 1200 m), the 
midd leve ld (900-1200 m), and the lowveld ( < 800 
m). Rainfall general ly dec l ines with dec reas ing alt i-
tude. The highveld has the highest rainfal l and low-
est temperatures whi le the lowveld is hot and dry 
with commerc ia l c rop product ion only poss ib le wi th 
irr igation. Cl imate data for sites typ ica l of the three 
alt i tude zones are shown in Tab le 1 . The re a re 
* Research Off icer, Department of Research and Special ist Services, Harare, Z imbabwe. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
Summary 
dist inct wet and dry per iods and rainfal l f luc tuates 
be tween and within seasons. T h e rainy season is 
f rom Nov-Mar but the ef fect ive g row ing season 
averages about 130 days. 
Product ion of g roundnuts fal ls into two dist inct 
types, the commerc ia l sec tor a n d the peasant sec -
tor. In the latter g roup, there is a smal l sec t ion of 
farmers whose hold ings average 120 ha and w h o 
are referred to as smal l -sca le c o m m e r c i a l farmers. 
The remainder are referred to as c o m m u n a l a rea 
producers . These two groups have not been sepa-
rated for the purposes of this paper. S o m e p roduc-
t ion f igures are shown in Tab le 2 and del iver ies to 
the Gra in Market ing Board (GMB) are shown in 
Tab le 3. Up to 9 0 % of the nat ional c rop is g r o w n by 
Table 2. Shelled groundnut production in Zimbabwe 
1976 /77 to 1981 /82 . 
Season 
1976/77 
1977 /78 
1978/79 
1979 /80 
1980/81 
1981/82 
Average yield 
Commercial 
sector 
('000 t) 
4.3 
4.0 
5.2 
7.4 
10.7 
9.9 
2.02 t/ha 
Peasant 
sector 
('000 t) 
93.5 
74.8 
73.6 
50.0 
76.0 
0.5 t/ha 
Source: Agricultural Marketing Authority. 
c o m m u n a l area farmers who retain most of their 
p roduce for home consumpt ion and seed , and sell 
the surplus. They most ly g row shor t -season Span-
ish and Valencia cul t ivars under rainfed condi t ions. 
The commerc ia l fa rmers p roduce about 1 0 % of 
the nat ional c rop and g row most ly long-season 
Virginia cul t ivars with supp lementary irr igation. In 
recent years, g roundnut p roduct ion has dec l ined 
and at present more than 9 0 % of del iver ies to the 
G M B are f rom the commerc ia l sector. Average 
yields vary cons iderab ly wi th al t i tude and type of 
product ion, and are about 0.5 t / h a for the peasant 
sector and 2.02 t / h a (shel led basis) for the c o m -
merc ia l sector. 
A survey is current ly under way to establ ish w h y 
product ion has fal len so drast ical ly. The low pr ice 
to groundnut p roducers in compar i son to other 
c rops is probably the major factor. Groundnut is a 
cont ro l led c rop with government p rescr ibed pro-
ducer pr ices and is marke ted th rough the G M B . 
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Table 3. Shelled groundnuts delivered to the GMB. 
1 976 /77 to 1981 /82 . 
Season 
1976 /77 
1977 /78 
1978/79 
1979 /80 
1980/81 
1981/82 
Commercial 
sector 
('000 t) 
5.2 
3.1 
3.3 
4.3 
6.5 
9.1 
Peasant 
sector 
('000 t) 
26.6 
6.0 
8.5 
4.1 
4.9 
3.1 
Source: Agricultural Marketing Authority. 
Table 1. Climatic data for selected sites in Zimbabwe (means for 5 month period November-March). 
Mean max. temperature (°C) 
Mean min. temperature (°C) 
Mean hours sunshine/day 
Mean evaporation/month (mm) 
Duration of rainy season (days) 
Rainfall for November-March (mm) 
Annual rainfall (mm) 
Meterological stations (with altitude in m) 
Marondera 
(1628) 
Highveld 
24.4 
14.2 
6.5 
152 
135 
8 4 0 
936 
Kadoma 
(1157) 
Middleveld 
28.4 
17.0 
6.8 
175 
125 
706 
776 
Tuli 
(765) 
Triangle 
(421) 
Lowveld 
30.4 
17.9 
7.3 
198 
80 
394 
455 
32.2 
19.3 
7.3 
200 
105 
539 
622 
Ut i l i za t ion Cultivars 
Groundnuts have been superceded by soybeans 
and cot ton as a source of vegetab le oil. Over 9 0 % 
of the count ry 's vegetab le oil is f rom the soybeans 
and cot ton, whi le 1 0 % is f rom groundnut , sunf lower, 
and maize. Groundnut , however, still remains the 
major legume crop g rown for food and as a cash 
c rop by c o m m u n a l area farmers who make up 
more than 7 0 % of the populat ion. 
The f resh or dr ied kernels are eaten raw, cooked , 
or roasted, whi le the dry kernels are used to make 
peanut butter that is b lended into var ious food 
preparat ions and is a major protein source. The 
hau lms are fed to animals. Some of the del iver ies to 
the G M B are marke ted as confec t ionery nuts, a 
va luable fore ign exchange earner, and some for oil. 
The cake is used in an imal feeds. 
Product ion is predominant ly under dry land cond i -
t ions using shor t -season Spanish and Valencia cu l -
t ivars (110-150 days to maturity). Planting is done 
at the onset of the rains in November or ear ly 
December and the crop is harvested in March to 
early Apri l . 
A smal ler c rop of irr igated long-season Virginia 
cul t ivars (150-200 days to maturi ty) is g rown by 
commerc ia l farmers. These are h igh-y ie ld ing cu l -
t ivars, with high quality la rge-seeded nuts sui table 
for the confec t ionery t rade. They are p lanted under 
irr igation before the rains in Sep-Oct and harvested 
in Mar to Apr. Planting early under irr igation has 
p roduced very high yields (Mete lerkamp 1967). 
The nat ional groundnut c rop conta ins apprec iab le 
levels of af latoxin (Bushnel 1965). Work by Du Toit 
(1977) e luc idated the factors leading to af latoxin 
contaminat ion. A routine sys tem of moni tor ing af la-
toxin in groundnut c rops was fo rmula ted and this is 
carr ied out by the Soil Chemis t ry B ranch of the 
Depar tment of Research and Special ist Serv ices 
on behalf o f the G M B . Seed do rmancy at phys io lg i -
ca l matur i ty has a bear ing on the inc idence of 
af latoxin. Some cul t ivars tend to sprout a n d thereby 
encourage the growth of the tox in -p roduc ing 
Aspergillus flavus. 
1 2 7 
Many of the farmers in c o m m u n a l a reas tend to 
grow only tradit ional cul t ivars, some of w h i c h have 
a low yield potent ial . Yie lds are reduced even 
further as a result of low and poor ly d is t r ibuted 
rainfall. A l though better adapted shor t -season c u l -
t ivars were re leased by the Depar tment of 
Research and Special ist Serv ices in 1979, these 
have not been widely adop ted by the major i ty of 
growers in the peasant sector. 
Groundnuts show very rank growth in the hot low 
alt i tude areas, especia l ly under irr igation (Hi lde-
brand 1980). Nutr ients are lost and yields reduced . 
Better adapted cul t ivars are therefore needed for 
these areas. 
Diseases 
Var ie t ies 
Drought 
Groundnut y ields are poor because of the low, 
unrel iable rainfal l , of ten with m idseason drought . 
This is the single most important fac tor contr ibut ing 
to the low average groundnut y ields in Z imbabwe. 
P r o d u c t i o n Const ra in ts 
A c o m m o n prob lem with the groundnut product ion 
in Z imbabwe is the low seed yield. The low pro-
ducer pr ice in relat ion to al ternat ive c rops has 
reduced plant ings. A number of fac tors may be 
responsib le for the low yields. 
L o w Y i e l d 
Aflatoxin 
Pests 
T h e groundnut aph id (Aphis craccivora) is a major 
pest of groundnuts wh ich not only reduces the 
growth by feeding on the plant, but a lso spreads the 
groundnut rosette virus. In recent years the 
groundnut hopper (Hilda patruelis) has been on the 
increase. I t feeds on groundnuts caus ing pre-
mature senescence and has a w ide range of al ter-
nat ive hosts. 
The major d iseases l imit ing yield are early leafspot 
(Cercospora arachidicola) and w e b b lotch (Phoma 
arachidicola) (Cole 1981). Stem rot (Sclerotica 
sclerotiorum) is becoming increasingly important. 
Work has been done on these d iseases, but cont ro l 
recommenda t ions are uneconomic for shor t -
season crops. Groundnut rosette d isease is p reva-
lent on c rops g rown by c o m m u n a l area farmers 
and is a major factor reduc ing yields. 
Standard recommenda t ions on plant populat ions 
have been made fo l lowing the work by Mete ler-
kamp (1967). The populat ions g rown by c o m m u n a l 
area farmers are f requent ly be low op t imum and 
p roduce reduced yields. One of the biggest l imit ing 
factors is the inherent low ferti l ity of soi ls in most 
communa l areas, especia l ly the low level of nitro-
gen and phosphorus (Mash i r ingwani 1983). Many 
of the f ields p roduce poorly because of a subop -
t imal pH. A lack of draft power is a fac tor leading to 
de layed plant ings and drast ical ly reduced y ie lds 
(Shumba 1983). 
The l imited work on n i t rogen f ixat ion has shown a 
marginal response f rom inoculat ing groundnuts . 
The c rop genera l ly nodula tes profusely wi th indi-
genous rhizobia. Recent work with inocu lants has 
shown occas iona l benef i ts, but some groundnut 
yields were depressed when inocu la ted wi th cer -
tain rhizobia strains. Further invest igat ions are 
needed to unders tand better the response of 
groundnuts to inoculat ion and the interact ion of the 
inocu lum with ind igenous rhizobia present. T h e nit-
rogen benefit to a c rop g rown after g roundnuts has 
yet to be quant i f ied. 
The biggest research input into g roundnut p roduc-
tion has been variety improvement . This was 
star ted in the early 1960s with co l lec t ion and eva l -
uat ion of cul t ivars g rown by peasant farmers. The 
distr ibut ion of the var ious cul t ivars was invest i-
gated. Many in t roduct ions were made, and up to 
1970 work concen t ra ted on sc reen ing these for 
adaptabi l i ty. Cross ing was star ted dur ing 1 9 7 0 / 7 1 
and s ince then the emphas is has been on se lect ing 
superior geno types f rom local ly bred mater ia l . 
Genet ic Resources 
The genet ic base is both in t roduced ge rmp lasm 
and mater ial genera ted f rom crosses . The first 
int roduct ions date back to 1939, and s ince then 
many more have been made f rom East Afr ica, Lat in 
Amer i ca ( through the Uni ted States Depar tment of 
Agr icu l ture (USDA) , South Afr ica, Austral ia, West 
Afr ica, India, and Ta iwan . Many mater ia ls have 
been in t roduced f rom ICRISAT. A l though no wi ld 
spec ies have been used in the p rogram, s tab le 
l ines der ived f rom c rosses wi th wi ld spec ies w e r e 
obta ined f rom ICRISAT and are current ly be ing 
eva luated. Bol iv ian ge rmp lasm in t roduced f rom the 
USDA has shown part icular p romise (Hi ldebrand 
and Smart t 1980). 
Breeding Object ives: 
The ob ject ive of the p rogram is to deve lop super ior 
cul t ivars in both the long- and shor t -season groups 
wi th these requi rements: 
• Shor t -season cul t ivars of Spanish and Valencia 
types for product ion under ra infed cond i t ions in 
the high alt i tude, high rainfal l areas. 
• Shor t -season cul t ivars for rainfed product ion in 
the drier, warmer areas of the country . 
• Long-season Virginia type cul t ivars for p roduc-
t ion under irr igation in the midd le and h ighveld 
areas. 
Emphas is for the long-season c rop is on qual i ty 
and yie ld to max imize export returns for fore ign 
cur rency , whi le for the shor t -season c rop the a im is 
to max imize product iv i ty under ra infed condi t ions. 
In all cases , the attr ibutes to look for are g o o d y ie ld, 
drought res is tance, d isease res is tance, d o r m a n c y 
at maturi ty, good peg a t tachment , accep tab le 
g rowth habit, good seed size, good qual i ty, g o o d 
pod shape, pest res is tance, accep tab le seed color, 
and good shel l ing character is t ics . 
A l though groundnuts are not important as a 
sou rce of vegetab le oil, rout ine moni tor ing is done 
to ensure accep tab le oil and protein levels. 
Crosses are m a d e in the g reenhouse. Art i f ic ial l ight 
is sw i tched on at 1600 hrs and off at 0200 hrs. Th is 
alters the t ime of bud format ion and enab les 
c rosses to be made be tween 0800 and 1100 hrs 
(Hi ldebrand 1975). The advan tage of this me thod is 
that i t takes only 3-4 minutes per pol l inat ion 
because emascu la t ion and pol l inat ion are done 
together dur ing a part of the day w h e n staff are 
readi ly avai lable. The target is to make at least 20 
c ross combina t ions per year wi th at least 50 poll i-
nat ions per cross. The fema le parents are m o v e d 
into the g reenhouse to the ex tended light per iod at 
the onset of f lower ing. F lower ing occu rs about 3 
days after the start o f the t reatment . T h e ac tua l 
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Research 
Agronomy 
Methods and Techniques Used 
B r e e d i n g 
cross ing is done by hand using fo rceps and the 
method is as descr ibed by Norden (1980). 
The F1 p lants are g rown in pots in a heated 
g reenhouse dur ing winter a long with the male par-
ents to conf i rm success fu l c rosses. 
From the F2 onwards , most of the mater ial is 
hand led by the modi f ied pedigree me thod (Br im 
1966). Select ions are made in the F5 or F6 genera -
t ions for prel iminary screen ing . Where appropr ia te, 
for example , when screen ing for d isease resis-
tance, pedigree select ions may be m a d e f rom the 
F3 or F4 generat ions. 
Introduct ions and select ions are sc reened in 
progeny rows. These are single 3m rows, nonrep l i -
Flgure 1 . T h e organizat ion of the groundnut breeding program in Z i m b a b w e , 1983 /84 season. 
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A f u r t h e r 9 t r i a l s ( 1 0 v a r i e t i e s ) 
a t m a r g i n a l r a i n f a l l s i t e s and i n 
communal a r e a s 
Advanced v a r i e t y t r i a l s ( 16 v a r i e t i e s ) 
a t 1 0 s i t e s 
I n t e r m e d i a t e v a r i e t y t r i a l s a t 
H a r a r e and M a k o h o l i 
P r e l i m i n a r y v a r i e t y t r i a l s 
a t H a r a r e and M a k o h o l i 
S h o r t season v a r i e t i e s S h o r t season S p a n i s h 
t y p e v a r i e t i e s 
P r e l i m i n a r y v a r i e t y t r i a l s a t 
H a r a r e and Gwebi 
Advanced v a r i e t y t r i a l s 
( 1 6 v a r i e t i e s ) a t 5 s i t e s 
S e l e c t i o n s made f r o m 
s e g r e g a t i n g l i n e s 
Seed b u l k i n g o f p r o m i s i n g 
a p p a r e n t l y t r u e b r e e d i n g 
l i n e s 
S c r e e n i n g f o r r o s e t t e 
r e s i s t a n c e a t Kadoma 
S c r e e n i n g f o r s p e c i f i c c h a r a c -
t e r s e . g . Phoma and C e r c o s p o r a 
S c r e e n i n g f o r H i l d a 
a t H e n d e r s o n 
I n t r o d u c t i o n s and 
s e l e c t i o n s s c r e e n e d 
a t Gwebi & H a r a r e 
S e l e c t i o n s made f r o m 
s e g r e g a t i n g l i n e s 
Q u a r a n t i n e I n t r o d u c t i o n s 
S i n g l e p l a n t s e l e c t i o n s i n F 6 
S e g r e g a t i n g p o p u l a t i o n s h a n d l e d b y 
s i n g l e seed a d v a n c e . 
F 2 , F 4 , and F 6 a t H a r a r e in summer 
F3 and F5 a t M u z a r a b a n i i n w i n t e r 
P e d i g r e e s e l e c t i o n f r o m F 2 o r 
l a t e r g e n e r a t i o n s u n t i l 
homozygous l i n e s a r e p r o d u c e d 
F 1 i n g r e e n h o u s e a t H a r a r e i n w i n t e r 
G r o u n d n u t C r o s s e s 
Long season v a r i e t i e s 
cated , with random controls, and s p a c e d 90 cm 
apart. Promis ing uni form mater ia ls are se lec ted for 
further test ing a n d further se lect ions are m a d e f rom 
mater ials that still show segregat ion. L o n g - and 
shor t -season l ines are ident i f ied and further test ing 
is conduc ted separate ly in prel iminary tr ials at dif-
ferent sites. Promis ing mater ia ls are then tes ted in 
intermediate variety tr ials and f inal ly in a d v a n c e d 
var iety tr ials on a nat ional sca le for at least two 
seasons before they are cons ide red for re lease. 
There are separa te sc reen ing p rograms to iden-
tify mater ia l resistant to Phoma, rosette, and Hi lda. 
Dur ing the var ious test ing s tages mater ia ls wi th 
res is tance to ce rcospo ra leafspots and other dis-
eases are identi f ied. The schemat i c d iagram in 
Figure 1 summar izes the breed ing program. 
Some Research Results 
Commerc ia l cul t ivars that have been re leased f rom 
the breeding p rogram and are current ly avai lable 
are shown in Tab le 4. 
Tab le 5 shows the yields for the 1 9 8 2 / 8 3 long-
season a d v a n c e d var iety tr ials, whi le Tab le 6 
shows the shor t -season data. Di f ferences in yield 
levels for the two variety groups are highl ighted. 
The past three seasons have been charac ter ized 
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Table 5. Long-season groundnut advanced variety trials, 1 9 8 2 / 8 3 season. 
Variety 
C347/5 /6 
6 /12 /4 
P4a/11/1 
Flamingo 
3 8 / 7 / 2 0 
32 /6 /1 
P 105/3/7 
34 /6 /1 
12/7 /16 
Makulu Red 
12 /7 /10 
C351/5 /2 
Egret 
P84 /5 /500 
P84/5 /112 
P84/5 /344 
Mean 
SE mean ± 
LSD 5% 
Significance of F 
CV(%) 
Efficiency gain 
Yield (t/ha) of air-dried kernels 
Harare 
4.67 
5.10 
4.72 
5.05 
4.36 
4.49 
4.99 
4.63 
4.56 
3.68 
3.92 
3.14 
3.47 
3.24 
4.03 
2.57 
4.16 
0.22 
0.66 
*** 
11.3 
2.7 
C.R.T. 
3.39 
2.86 
3.45 
3.11 
3.48 
2.72 
3.32 
2.54 
2.51 
2.69 
3.13 
2.97 
2.30 
2.63 
1.68 
1.57 
2.77 
0.37 
0.93 
** 
21.3 
41.8 
Matopos 
3.10 
2.12 
2.28 
1.49 
1.96 
1.99 
1.63 
1.84 
1.56 
2.08 
1.94 
2.43 
1.91 
1.46 
1.68 
0.90 
1.90 
0.24 
0.69 
* * * 
15.2 
12.7 
Gwebi 
5.43 
5.93 
5.50 
5.48 
5.82 
5.31 
5.89 
5.38 
5.52 
5.15 
5.15 
5.22 
5.32 
4.36 
3.84 
3.39 
5.17 
0.11 
0.31 
*** 
3.3 
46.0 
R-Arnold 
5 4 4 
5.20 
5.24 
5.76 
4.96 
5.79 
4.49 
5.75 
5.40 
5.75 
5.23 
5.32 
5.71 
5.14 
4.65 
4.02 
5.24 
0.15 
0.43 
*** 
6.5 
--
Table 4. Groundnut cultivars released in Zimbabwe as 
of 1982. 
Short season 
Natal Common 
Valencia R2 
Swallow 
Plover 
Long season 
Egret 
Makulu Red 
Flamingo 
by drought. The long-season cul t ivars y ie lded wel l 
because of the high temperatures, high solar radia-
t ion, and supp lementary irr igation. The very low 
yields at Matopos and Makohol i for the short-
season trials were due to drought. The c rops at 
Matopos and Makohol i rece ived 237 and 315 mm 
of rainfall respect ively. 
Work on the mechanizat ion of groundnut p roduc-
t ion cont inues. Emphas is is on appropr ia te t ech -
n o l o g y fo r l i f t i ng , p i c k i n g , a n d c l e a n i n g . 
Invest igat ions on solar dry ing techn iques, cur ing 
methods, and the effect of growing condi t ions on 
In the peasant sector, by far the greatest yield 
increases are expec ted f rom adopt ion of a l ready 
exist ing groundnut p roduct ion techno logy. G iven 
the necessary input resources and a compet i t i ve 
producer pr ice, groundnut product ion cou ld 
increase t remendously . The farming sys tems 
research team examines the avai lable product ion 
technology and invest igates its appropr ia teness 
and cost e f fect iveness under typical peasant 
farmers ' f ield condi t ions. The farmers ' priorit ies are 
taken into considerat ion and group act ivi ty is 
131 
Table 6. Short-season groundnut advanced variety trials, 1982 /83 season. 
Variety 
31 /6 /13 
10 /7 /36 
Plover 
Val R2 
31 /7 /19 
3 1 / 8 / 1 0 
31 /6 /18 
4 7 / 7 / 2 0 
Swallow 
3 1 / 7 / 2 4 
31 /6 /8 
145/79 
P1/7/3 
Natal Common 
3 1 / 7 / 3 4 
31 /8 /2 
Mean 
SE mean 
LSD 5% 
Significance of F 
CV (%) 
Gain in efficiency 
Yield (t/ha) of air-dried kernels 
Harare 
3.73 
3.53 
3.02 
2.79 
3.44 
3.40 
3.21 
3.28 
2.18 
3.18 
3.26 
2.57 
2.89 
2.89 
3.02 
3.19 
3.10 
0.11 
0.33 
7.7 
-1.84 
CRT. 
0.87 
0.87 
0.68 
0.61 
0.44 
0.71 
0.66 
0.74 
0.42 
0.79 
0.58 
0.72 
0.36 
0.80 
0.60 
0.71 
0.66 
0.12 
0.26 
24.1 
59.6 
Matapos 
0.30 
0.22 
0.13 
0.13 
0.12 
0.16 
0.22 
0.13 
0.11 
0.19 
0.21 
0.22 
0.04 
0.14 
0.18 
0.12 
0.16 
0.04 
0.09 
35.4 
54 
Makoholi 
0.64 
0.39 
0.31 
0.46 
0.48 
0.48 
0.51 
0.60 
0.27 
0.50 
0.35 
0.47 
0.33 
0.39 
0.35 
0.30 
0.43 
0.06 
0.18 
31.6 
-1.71 
Gwebi 
3.47 
3.13 
3.63 
3.41 
3.49 
3.31 
3.22 
3.12 
3.05 
3.06 
3.14 
3.16 
2.73 
2.87 
3.14 
2.62 
3.16 
0.14 
0.40 
6.8 
56.6 
R-Arnold 
2.70 
3.22 
3.62 
3.73 
2.89 
2.84 
2.90 
2.76 
3.77 
2.50 
2.43 
2.79 
3.40 
2.64 
2.25 
3.22 
2.98 
0.13 
0.34 
7.3 
31.8 
O t h e r Research 
Mechanizat ion 
shel l ing ability are under way. The G M B encou r -
ages in-shel l market ing of groundnuts . It is impor-
tant that the shel l ing done central ly by G M B be 
effect ive and without damage to the seeds. 
Farming Systems 
encouraged with the hope of ach iev ing m a x i m u m 
util ization of avai lable draft power. The re are c rop 
and l ivestock componen ts in this effort s ince the 
two are c losely related. 
This approach involves the farmer and research 
and extens ion workers in p lanning, execut ion , and 
evaluat ion of research projects, and encou rages 
adopt ion of research recommendat ions . The pro-
g ram examines ways of faci l i tat ing earl ier p lant ing, 
ach iev ing op t imum plant s tands, and ef fect ive fer-
tilizer use. 
Inadequate work has been done on groundnut fer-
tilizer requ i rements , part icular ly in the c o m m u n a l 
areas. Further work needs to be done on potent ia l 
benef i ts f rom Rhizobium inoculat ion. The amount 
of res idual n i t rogen f rom f ixat ion by a g roundnut 
c rop in Z i m b a b w e needs to be quant i f ied to fo rm a 
sound basis for ferti l izer recommenda t ions for suc -
ceed ing c rops . The physio logy of drought resis-
t ance in g roundnuts in relat ion to plant popu la t ion 
The fa rming sys tems research effort must be inten-
sif ied and taken to many more c o m m u n a l fa rming 
areas in all the dif ferent al t i tude zones. More 
emphas is must be g iven to l ivestock s ince this still 
provides the major fo rm of draft power avai lable to 
the major i ty of peasant farmers. 
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tion in soybeans. Crop Science 6:220. 
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Agronomy 
Pest and Disease Control 
Work on screen ing pest ic ides for e f fec t iveness and 
e c o n o m y in the contro l of d iseases and pests 
shou ld be cont inued. Further studies on the bio logy 
and cont ro l of the pest Hilda patrueiis shou ld be 
under taken. Many soils in the c o m m u n a l areas are 
light sandy types and harbor nematodes . The ef fect 
of nematodes on groundnut yields, and possib le 
cont ro l measures , shou ld be invest igated. 
Future Resear ch N e e d s 
Variety improvement work to p roduce better 
adapted cul t ivars consis tent with the s ta ted ob jec-
t ives must be con t inued. More emphas is must be 
put on breeding for res is tance to drought , ear ly leaf 
spot, groundnut rosette virus d isease, Hi lda, and 
web b lotch, and for h igher yield potent ia l wi th better 
quality. Ge rmp lasm wi th good d isease res is tance 
and accep tab le agronomic character is t ics is 
l imited. Screen ing for drought res is tance is l imited 
to sites wi th low rainfall and there is no contro l over 
the t iming and intensity of drought . A regional 
drought res is tance test ing faci l i ty wi th a cont ro l led 
env i ronment wou ld be benef ic ia l . 
R e f e r e n c e s 
Variety Improvement 
and nutr i t ional requ i rements needs further study. 
Farming Systems 
Norden, A.J. 1980. Breeding methodology for ground-
nuts. Pages 58-61 in Proceedings of the International 
Workshop on Groundnuts, 13-17 Oct 1980, ICRISAT 
Center, India. Patancheru, A.P. 502324, India: Interna-
tional Crops Research Institute for the Semi-Arid Tropics. 
Shumba, E.M. 1983. Factors contributing to a decline in 
groundnut production in the Mangwende-Murewa dis-
tricts, and the need for a technical research input. Zim-
babwe Agricultural Journal 80:251-254. 
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Oilseeds situation and outlook report 1983/84. Harare, 
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by the Department of Research and Specialist Services. 
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D i s c u s s i o n o n Z i m b a b w e P a p e r s 
Saka: Seed avai labi l i ty does not seem to be a 
prob lem in most count r ies for smal l -sca le farmers. 
Why is it a prob lem in Z i m b a b w e ? 
Chiteka: In Z imbabwe most smal l -sca le fa rmers 
save their own seed and this c a n be in very short 
supply. 
Kelly: The same is t rue in Zamb ia where seed 
c a n be very expens ive . 
Ngwira : Seed avai labi l i ty and product ion go 
hand in hand. Seed supply is a major const ra in t on 
product ion of g roundnuts in Malawi . 
Saka: In Malawi 's low wilt ' has many of the cha r -
acter is t ics of fusar ium wilt. 
Cole: The in teract ion of Fusarium spp. and Hilda 
patruelis has not rece ived in-depth study in Z im-
babwe. Hi lda is most ser ious in dry seasons but in 
s o m e areas i t is ser ious in both wet and dry 
seasons. 
Hi ldebrand: Hi lda is part icular ly ser ious on 
research farms. 
A m i n : I t is still not known if tox ins p roduced by 
Hilda are involved in the wil t ing, but exper iments 
cou ld readi ly be des igned to invest igate this. 
Ngwira: I note that Daconi l (chlorothaloni l ) is 
ef fect ive for cont ro l of phoma and ce rcospo ra 
leafspots at Chi tedze but not in Z imbabwe . Cou ld 
this be due to dif ferent appl icat ion methods? 
Saka: Concern ing mechan i sms of res is tance to 
ce rcospora , are phytoalex ins p roduced only after 
infect ion of the groundnut leaf by the fungus? 
Cole: Phytoalexins are p roduced as a response 
to infect ion. Phoma infect ion is restr ic ted to the 
areas be tween the cut ic le and ep idermal ce l ls and 
this possibly is why less phytoalex ins are found 
after phoma infect ion than after ce rcospora 
infect ion. 
M c D o n a l d : Phytoalexins are also p roduced in 
groundnut seed fo l lowing invasion by Aspergillus 
flavus, ICRISAT is co l laborat ing with Dr. R ichard 
Strange of Universi ty of London in studies on this. 
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S p e c i a l R e p o r t s 
r 
Summary 
The single-seed descent method of selection has proved successful in Zimbabwe where two new 
cultivars have been released after 10 and 8 years of development. The ease of handling segregating 
populations and rapid generation advance are two of the more important benefits. This method 
could be appropriate for groundnut breeding in developing countries. In addition, lesser developed 
programs could benefit from selection, in their own environments, within duplicate populations 
provided by more developed programs. 
The s ing le-seed descent me thod of se lect ion has 
been used successfu l ly in Z imbabwe dur ing the 
past 14 years. The method is based on the proposal 
by Br im (1966) of a modi f ied pedigree select ion 
method for soybeans. The theory and genet ic basis 
for this method in g roundnuts has recent ly been 
adequate ly d iscussed by Isleib and Wynne (1980). 
S ing le-seed descent has been used success -
fully in Nor th Carol ina, USA to t ransfer southern 
corn roo tworm res is tance to l ines wi th sui table 
agronomic qual i t ies (Wynne 1976) and to deve lop 
CBR-res is tant groundnut l ines (Wynne and Gre-
gory 1981). 
The object of this paper is to d iscuss the p rac t i -
ca l use of s ing le-seed descen t in Z imbabwe and to 
highl ight its advantages and d isadvantages. 
Finally, the use of this method in the deve lopment of 
two new cult ivars is i l lustrated. 
P r o c e d u r e 
The initial step in any groundnut breeding p rogram 
is to generate genet ic variabil i ty by creat ing hybr id 
populat ions. The next phase is to a d v a n c e the pop -
ulations to a homozygous state by inbreeding. 
Br im's method is to advance e a c h F2 plant in a 
populat ion to the desi red level of homozygos i ty by 
taking a single seed f rom e a c h plant to prov ide the 
F3 populat ion. This p rocedure is repeated on e a c h 
F3 plant to p roduce the F4 populat ion and so on . 
Select ion in the segregat ing generat ions is res-
tr icted to removing obviously undesi rab le geno -
types. O n c e the desi red level of homozygos i ty is 
reached, single plants are se lec ted for fur ther 
test ing. 
* Universi ty of Z imbabwe, P.O. Box MP 167, Moun t Pleasant, Harare, Z imbabwe. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Afr ica. 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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Use of the Single-Seed Descent Method 
of Selection in Groundnut Breeding 
in Zimbabwe 
G. L. Hildebrand* 
A d v a n t a g e s 
• S ince little or no select ion is p rac t i ced in the 
segregat ing generat ions there is no need to 
g row the populat ion in the env i ronment where i t 
is likely to be used. Populat ions c a n therefore be 
g rown in g reenhouses or in winter nurser ies. 
• Less space is required for e a c h genera t ion . 
• T ime and effort in harvest ing a n d reco rd -
keep ing is reduced to a m in imum. 
• Because less space , t ime, and effort is requi red 
for e a c h generat ion , more c rosses and popu la-
t ions c a n be carr ied in the p rogram. 
• Because g reenhouses and winter nurser ies c a n 
be used, two or more generat ions c a n be g rown 
e a c h year, reduc ing the t ime to reach the 
des i red level of homozygosi ty . 
Figure 1 . M e a n month ly temperatures for Harare Research Stat ion a n d A R D A Mzarban i Estate. 
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O c t / A p r Nov /May D e c / J a n J a n / J u l F e b / A u g M a r / S e p 
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10 
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20 
10 
0 
Harare 
Mzarabani 
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MINIMUM 
One sl ight d rawback is that a few inferior l ines are 
reta ined. A cer ta in amount of relatively useless 
mater ia l is car r ied th rough the segregat ing genera -
t ions. A l though these are soon e l iminated in pre-
l iminary tr ials, i t may be necessary to select a larger 
proport ion of plants for initial sc reen ing . 
Crosses are general ly m a d e in a g reenhouse dur-
ing summer using art i f icial light to manipu la te the 
t ime of bud deve lopment (Hi ldebrand 1974). Each 
year 12-18 c rosses are made. The F1 plants are 
g rown in a g reenhouse dur ing winter together wi th 
the parents to a id ident i f icat ion of hybr id plants. The 
F2 populat ion is g rown dur ing the fo l lowing summer 
at Harare and subsequent generat ions are g rown 
al ternately in winter and summer wi th the f inal F6 
populat ion being grown in summer for the select ion 
of s ingle plants. Dupl icate samples of all genera-
t ions are main ta ined in co ld storage as insurance 
against loss and also for exchange with other 
breeders. 
Winter nurser ies have been g rown at Chiredzi , 
but recent results indicate that sites in the Zambes i 
val ley are more suitable. Populat ions p lanted at the 
ARDA Mzarabani Estate in Apr 1982 were wel l 
deve loped w h e n harvested in late August . Prel imi-
nary observat ions dur ing the 1983 winter at Char -
ara near Lake Kar iba ind icated that v iable seed 
cou ld be p roduced in about 120 days. Compara t i ve 
temperatures for summer and winter a t Harare a n d 
Mzarabani respect ively, are p resented in Figure 1. 
The summer generat ion is general ly g rown f rom 
Oc t -Mar and the winter generat ion f rom Apr -Sep. 
After dry ing, seed is heated in an oven at 5 0 ° C for 
12 days to break dormancy . 
Dur ing the segregat ing generat ions the popu la -
t ions are identi f ied only by a c ross number a n d 
generat ion number. When s ingle plants are 
se lec ted f rom the F 6 populat ion, the genera t ion 
number is advanced and e a c h plant is numbered 
f rom 1 upwards, e.g., 3 2 / 7 / 1 , 3 2 / 7 / 4 3 . 
A single nonrep l icated progeny is g rown f rom 
each se lec ted plant for initial sc reen ing and c lass i -
f icat ion. T h e parents are g rown as random c h e c k s . 
Some per fo rmance data are co l lec ted w h i c h 
al lows se lect ion of progenies wor thy of fur ther test-
ing in repl icated y ie ld trials. 
Suff icient seed is usually avai lable f rom the m o r e 
product ive progenies to enab le four rep l icates of a 
y ie ld trial hav ing 3-row plots 3 m long to be p lanted. 
Such trials at Harare Research Stat ion have been 
suff ic ient ly prec ise to al low large numbers of n e w 
select ions to be evaluated on l imited land area. 
A dv anc ed trials having 16 entr ies are usual ly 
conduc ted at between 6 and 10 si tes e a c h year. An 
D i s a d v a n t a g e 
Pract ica l U s e o f t h e M e t h o d 
in Z i m b a b w e 
Table 1. Development of Flamingo and Swallow groundnut cultivars. 
Pedigree 
Cross 
F1 
F2 
F3 
F4 
F5 
Selections 
Progeny rows 
Preliminary yield trials 
Advanced yield trials 
Release 
Commercial availability 
Flamingo 
N. Common x 183/66 
1971/72 
Greenhouse W 72 
Chiredizi W 73 
Harare 73 /74 
Chiredzi W 74 
Harare 74 /75 
28 selections from 
F5, Harare 74 /75 
1975 /76 (F6) 
1976/77 
1977 /78 5 sites 
1978/79 8 sites 
1979 /80 8 sites 
1980/81 7 sites 
1881/82 6 sites 
1982 
1 9 8 4 / 8 5 ? 
Swallow 
183/66 x PM. 1 7/4 
1973/74 
Greenhouse W 74 
Harare 74 /75 
Chiredzi W 75 
Harare 75 /76 
S. P. S. -
2 in F4 Harare 75 /76 
2 in F5 Chiredzi W 76 
1977/78 (F6) 
1978/79 
1979 /80 4 sites 
1980/81 19 sites 
1981/82 17 sites 
1982 
1985 /86? 
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Three new cul t ivars have recent ly been re leased 
for commerc ia l p roduct ion (H i ldebrand 1980a, b, 
c) . T w o of these, F lamingo and Swal low, we re 
deve loped using s ing le-seed descent . The deve l -
opment of these two cul t ivars is i l lustrated in Tab le 
1. 
Brim, C.A. 1966. A modified pedigree method of selec-
tion in soybeans. Crop Science 6:220. 
Hildebrand, G.L. 1974. A note on artificial hybridization 
of the groundnut (Arachis hypogaea L ) . Rhodesian Jour-
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Hildebrand, G.L. 1980a. "Flamingo" groundnut. Zim-
babwe Agricultural Journal 80:115. 
Hildebrand, G.L. 1980b. "Plover" groundnut. Zimbabwe 
Agricultural Journal 80:116. 
Hi ldebrand, G.L. 1980c. "Swallow" groundnut. Zim-
babwe Agricultural Journal 80:117. 
Wynne, J.C. 1976. Use of accelerated generation 
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American Peanut Research and Education Association, 
Inc. 8:44-47. 
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ing. Advances in Agronomy 34:39-72. 
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W h a t Success? 
at tempt is m a d e to inc lude eight promis ing g e n o -
types f rom the prel iminary trials in a d v a n c e d tr ials 
each year. The eight most promis ing geno types 
f rom the previous year are inc luded in a d v a n c e d 
trials a second year, and s ince seed supply of these 
is general ly not l imited, they may be inc luded in 
addi t ional tr ials, often c o n d u c t e d in c o m m u n a l 
farming areas. 
After a m in imum of 2 years of test ing on a 
nat ional sca le new genotypes may be cons ide red 
for re lease for commerc ia l p roduct ion. 
Refe rences 
Some sort of link be tween the var ious IDRC- funded 
projects on annua l o i lc rops has been identi f ied as a 
useful way to increase the interact ion and c o m -
munica t ion a m o n g scient ists. Projects cou ld also 
benefi t f rom hav ing better a c c e s s to the wor ld liter-
ature on oi lcrops, and f rom having better l inks wi th 
leading research insti tut ions and Internat ional 
Agr icu l tura l Research Centers ( lARCs) . 
T h e o i lcrops network project started in 1 9 8 1 , wi th 
the broad ob ject ive of creat ing such links a m o n g 
the IDRC-suppor ted oi lseed improvement pro jects 
in nor thern East Af r ica and South Asia. Initially, the 
fo rm or mode l for the network was left f lexible. T h e 
network advisor w a s posted in Ethiopia. At first, 
most of his t ime was spent in provid ing support to 
the Highland and Lowland Oi lc rop Projects in Ethi-
opia with one or two introductory visits m a d e to 
e a c h oi lcrop project in the region. 
An oi lseed workshop, held in Cai ro in Sep 1983, 
helped establ ish the emerg ing network. T h e work-
shop provided the opportuni ty for par t ic ipat ing 
scient ists f rom projects in the network to get to 
know each other, to present and d iscuss their 
research programs, and to see for themse lves oil-
seed research and product ion in Egypt. 
Dur ing the f inal session of the workshop, a c o n -
sensus was reached on many aspec ts of the net-
work itself. I t was agreed that the network shou ld 
faci l i tate the exchange of ge rmp lasm a m o n g pro-
jec ts by making informat ion avai lable on the cor -
rect channe ls to be used for s u c h exchanges . I t 
was dec ided that regional nurser ies wou ld not be 
establ ished, instead, ge rmp lasm and el i te mater ia l 
* Internat ional Development Research Centre ( IDRC), New Delhi , India. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi. Patancheru, A.P. 502324, India: ICRISAT. 
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T h e O i l c r o p s N e t w o r k 
K. Riley* 
Research support from IDRC for annual oilcrops has steadily increased over the past decade. In 
northern East Africa and South Asia, there is IDRC support for rapeseed, mustard, and safflower, 
and sesame improvement in India, while projects in Sri Lanka, Egypt, Sudan, and Ethiopia cover 
three or four oilcrops each. IDRC has supported projects in Tanzania and Mozambique, and now 
gives support to ICRISA T for its Regional Groundnut Program in Malawi. This paper describes the 
IDRC oilseeds network and groundnut improvement programs in northern East Africa. 
Summary 
The Oilcrops Network and Groundnut Improvement 
in Northern East Africa 
T h e oi lcrops network inc ludes three pro jects in 
Egypt, Sudan, and Ethiopia, wh i ch a re work ing on 
groundnut improvement . I t may be of interest to 
present s o m e highl ights of these pro jects in nor th-
ern East Afr ica. 
Groundnu ts are an important c rop g rown for food , 
oi l , and export on approx imate ly 7 5 0 0 0 0 hectares. 
Up to 2 5 % of the c rop is g rown under irr igation. T h e 
main irr igated area is in the Gezira, where Dr Has -
san Ishaq, the project leader, is car ry ing out 
research on agronomic improvement and m a n -
agement under irr igated condi t ions on heavy soils. 
The Virginia bunch cul t ivars Ashford and NH383 
are g rown under irr igation. 
The pr incipal rainfed area of g roundnuts is in the 
western Sudan, where the c rop is g rown on light 
soils. The in t roduced, early matur ing upright b u n c h 
type Barber ton has largely rep laced the runner 
type land races. A strong breeding and se lect ion 
program for ra infed condi t ions is under way to iden-
tify drought resistant early l ines wi th good resis-
tance to Aspergillus flavus in fect ion. Mater ia l f r om 
Senegal , USA, and ICRISAT is be ing tested. Sev-
eral sets of c rosses are be ing m a d e to f ind a 
sequent ia l runner type to better util ize soi l mois ture, 
wh i ch is both synchronous in f lower ing a n d ear ly 
matur ing. 
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G r o u n d n u t I m p r o v e m e n t 
P r o g r a m s in N o r t h e r n East A f r i ca 
Groundnuts in Egypt are g rown for con fec t ionary 
Egypt 
Ethiopia 
Groundnuts are g rown under rainfed condi t ions in 
the lowland areas of the eastern, wes te rn and 
nor thern regions of the count ry . T h e c rop is g rown 
for oil ex t ract ion, for confec t ionary purposes, and 
as a pulse c rop . A s igni f icant por t ion of the c rop is 
expor ted. 
Both ear ly and late leafspots c a n be severe, 
caus ing y ie ld losses of up to 65%. Rust is a p rob lem 
in eastern Ethiopia, but has not yet spread to the 
wes te rn groundnut areas. Rosette virus d isease is 
not a prob lem. 
Sudan 
purposes, both for expor t a n d for domes t i c c o n -
sumpt ion . Fortunately, no af latoxin has been 
repor ted in Egypt ian groundnuts , and leafspots a n d 
rust are unimportant . T h e project leader, Dr. B a c h 
E lahman has tested 100 loca l co l lec t ions and intro-
duct ions and has found four local l ines that have up 
to 3 0 % higher yields, heavier seed weights , and a 
higher percen tage of expor tab le kernels than Giza 
4, the estab l ished cult ivar. Giza 4, wh i ch is a lmost 
the only cul t ivar g rown in Egypt, is a Virginia bunch , 
med ium-matu r ing type. Further work is concen t ra t -
ing on test ing improved cul tural p rac t ices , sma l l -
s c a l e m e c h a n i z e d d i g g i n g a n d t h r e s h i n g 
equipment , and evaluat ing the e c o n o m i c benef i ts 
of the new techno logy on fa rmers ' f ields. 
cou ld be e x c h a n g e d a n d eva lua ted as part o f the 
regular p rogram of e a c h project. Th is wou ld avo id 
the risk of request ing pro jects to test mater ia l in 
wh ich they really had no interest. 
Methods of mak ing informat ion more avai lab le to 
project scient ists were d iscussed . I t was ag reed 
that a newsletter, conta in ing research summar ies 
f rom projects, short research art ic les, and in forma-
t ion on germp lasm, shou ld be publ ished annual ly 
and distr ibuted to the projects by the network adv i -
sor. Annua l workshops are to be held, e a c h one 
hosted by a dif ferent project in the region, and the 
proceed ings publ ished. Each workshop wil l c o n -
cent ra te on s o m e aspec t of the improvement of not 
more than two or three oi lcrops. T h e pro ject host ing 
the workshop will have the opportuni ty of show ing 
its research in the f ield. 
The advisor is essent ia l in that he of ten needs to 
initiate and encou rage in teract ion wi th in the net-
work. However , o n c e i t has been ini t iated, m u c h of 
the interact ion wil l con t inue direct ly a m o n g the 
scient ists in the network. 
Most agr icul tural research networks have an 
IARC as a base. The Oi lc rops Network however , is 
dif ferent in that the Ethiopian o i lc rop pro jects serve 
as the network advisor 's base. Deve lop ing a base 
for a network may be s lower in a nat ional p rogram 
than in an IARC, but a base in a nat ional p rogram 
benefi ts the advisor, as he can keep his feet f i rmly 
g rounded in research, and the nat ional p rogram 
benef i ts f rom the spec ia l at tent ion and suppor t 
f rom the network advisor. 
Excel lent coopera t ion has also been es tab l ished 
wi th prominent o i lc rop sc ient is ts loca ted in inst i tu-
t ions outs ide the network. For examp le , ICRISAT 
has g iven suppor t by prov id ing nurser ies to the 
pro jects work ing on g roundnuts and Dr. N igam's 
contr ibut ion to the Cai ro o i lc rops wo rkshop was 
great ly apprec ia ted by the part ic ipants. 
The Virginia bunch cul t ivars NC2 and Shulamit 
have been r e c o m m e n d e d , based on past research 
conduc ted on irr igated condi t ions. T h e present 
research program was started two years ago, wi th 
emphas is shift ing to test ing in the rainfed g round-
nut growing areas. 
There has been good cooperat ion with ICRISAT, 
wh ich has prov ided germp lasm lines, segregat ing 
mater ial , and the Internat ional Groundnut Foliar 
D isease Nursery ( IGDFN). Ethiopian scient ists 
have visi ted the groundnut program at ICRISAT, 
and Dr. Sub rahmanyam recent ly spent a few days 
in Ethiopia d iscuss ing aspects of groundnut pathol-
ogy with Ethiopian scient ists. 
All in t roduct ions must first be grown in quaran-
t ine before they can be evaluated. Results are now 
avai lable f rom test ing 110 germp lasm lines in repli-
ca ted plots at three locat ions in the count ry in 1983. 
Dr. Yeb io Wo ldemar iam, the project leader, has 
kindly prov ided the data in Table 1 wh ich lists the 
f ive top y ie ld ing ge rmp lasm lines at e a c h of the 
three locat ions. It would appear that there is spe-
cif ic adaptat ion of a part icular plant type in the 
different areas of the country where the tests were 
car r ied out. Virginia bunch types f rom Afr ican 
countr ies per formed best under irr igation; fas t -ma-
tur ing Valencia and Spanish types, mainly f rom 
South Amer ica , were best in the low rainfall areas in 
the east; and longer-matur ing Virginia runner types 
gave highest y ields in the high rainfall site in west-
ern Ethiopia. 
Leaf d isease react ion of l ines f rom the IGFDN 
and other in t roduct ions were sco red at Babi l le in 
eastern Ethiopia. Five l ines out of 130 were 
repor ted wi th a score of 1 or less for rust and 2 or 
less for leafspots on a 0 to 9 scale. 
T h e Ethiopian groundnut program is expand ing, 
with more work to be car r ied out on cult ivar test ing 
and ag ronomic research for the rainfed areas. 
Further detai ls on these and other projects in the 
Oi lc rops Network c a n be found in the Proceed ings 
of the Cai ro Workshop. 
T h e I D R C N e t w o r k A p p r o a c h 
In addi t ion to the Oi lc rops Network, IDRC has 
he lped support several agr icul tural research net-
works . Perhaps the most success fu l has been the 
As ian Farming Systems Network (AFSN), wh ich 
has the Internat ional Rice Research Institute (IRRI) 
in the Phi l ippines as its base. The AFSN provides 
support to nat ional fa rming sys tems programs to 
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i den t i f y a n d e s t a b l i s h i m p r o v e d c r o p p i n g p a t t e r n s 
o n f a r m e r s f i e l d s . 
M a n y o f t h e a s p e c t s o f t h e A F S N h a v e b e e n 
i n c o r p o r a t e d i n t o t h e O i l c r o p s N e t w o r k . T h e s e 
i n c l u d e t h e c e n t r a l r o l e o f a n e t w o r k a d v i s o r o r 
c o o r d i n a t o r , a n d t h e e m p h a s i s o n s u p p o r t t o t h e 
n a t i o n a l p r o g r a m s t o h e l p c a r r y o u t m o r e e f f e c t i v e 
r e s e a r c h . G e r m p l a s m e x c h a n g e , r e g u l a r w o r k -
s h o p s , a n d i n f o r m a t i o n e x c h a n g e a r e o t h e r 
a s p e c t s c o m m o n t o b o t h n e t w o r k s . 
T h e i n v o l v e m e n t o f a n I A R C i n a n e t w o r k h a s 
m a n y a d v a n t a g e s . P e r h a p s t h e m o s t i m p o r t a n t i s 
t h a t t h e n a t i o n a l p r o g r a m s c a n e v a l u a t e t h e t e c h -
n o l o g y t h a t t h e I A R C g e n e r a t e s , a n d p r o v i d e f e e d -
b a c k o n i ts u s e f u l n e s s s o t h a t t h e I A R C c a n r e f i n e 
a n d a d a p t t h e t e c h n o l o g y t o b e t t e r m e e t t h e n e e d s 
o f n a t i o n a l p r o g r a m s . 
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The bio logical scient ists at the Internat ional Agr i -
cul tura l Research Centers ( lARCs), in coopera t ion 
with nat ional research organizat ions, are mak ing 
important contr ibut ions to improv ing the product ion 
potential of c rops in the Southern Af r ican region. 
T h e potent ia ls of new cul t ivars and other techno lo -
gies in deve lop ing count r ies usual ly require c o m -
plementary government pol ic ies in order to be 
real ized. T h e exper iences of the "g reen revo lu t ion" 
in As ia have ind icated that s u c h pol ic ies are of ten 
s low in coming . Of the g reen revolut ion, Whar ton 
(1969) says, "Others see this deve lopment as 
open ing a Pandora 's Box: its very success will 
p roduce a number of new prob lems wh ich are far 
more subt le and diff icult t han those f aced dur ing 
the deve lopment of the new techno logy" . 
T w o genera l k inds of dif f icult ies have been iden-
ti f ied by Whar ton : (1) those related to the imple-
menta t ion of techno log ica l change and, (2) those 
related to the effects of the change i f a n d w h e n i t is 
successfu l ly implemented. In the first ca tegory , s ix 
genera l prob lem areas may be ident i f ied and in the 
second category, 8 prob lem areas. The impor tance 
of each will vary f rom one count ry or part of the 
wor ld to another, and one c rop to another, but w h e n 
cons ider ing a speci f ic c rop in a speci f ic coun t ry it is 
necessary to examine all possible p rob lem areas 
so they may be el iminated f rom further cons ide ra -
t ion or put fo rward for addi t ional study. 
• Availabi l i ty of other necessary inputs s u c h as 
irr igated land, ferti l izers, t imely labor avai labi l i ty, 
etc. 
* Agr icu l tura l Economist , USDA/Univers l ty of Florida Technical Assistance Team, and 
Chitedze Agr icu l tura l Research Stat ion, P.O.Box 158, L i longwe, Malawi. 
Assistant Agr icu l tura l Economist , 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnut Workshop for Southern Afr ica, 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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Toward Comprehensive Sector Studies of 
Groundnuts in Countries of Southern Africa, 
with Specific Reference to Malawi 
D. W. Pervis and F. Nyondo* 
Summary 
The authors point out that new technologies, e.g., the introduction of new cultivars, require comple-
mentary government policies if their potentials are to be realized. They list factors likely to inhibit the 
spread of new technology and, using data collected in Malawi, present a country framework within 
which groundnut input, production, and marketing systems may be studied, and potential bott le-
necks identified and eliminated before they become critical. 
Factors Inhib i t ing t h e S p r e a d 
o f N e w T e c h n o l o g y 
• T h e size of exist ing markets , a n d the possibi l i ty 
that peop le may not accep t the new cul t ivar 
because i t does not sat isfy their tas tes a n d 
preferences. 
• Risk avers ion, part icular ly if the c rop is a s tap le 
one on wh ich the fami ly depends for surv ival . 
• The need for new farming skil ls and exper t ise of 
a higher order than was needed in t radi t ional 
methods. Obta in ing such skill wil l take t ime and 
effort on the part of ex tens ion workers and 
farmers. 
• Different harvest ing t imes may require add i -
t ional p rocess ing (e.g., dry ing of ear ly -matur ing 
maize) or result in heavy pest d a m a g e b e c a u s e 
only one cul t ivar matures early and birds are 
d rawn to it in large numbers . 
• Needed inst i tut ional and pol icy c h a n g e s may be 
s low in com ing or not to be imp lemented at all. 
• T h e possibi l i ty that i f the new cul t ivar is genet i -
cal ly vu lnerable to d isease and infestat ion, large 
areas p lanted to one new cul t ivar will aggravate 
the si tuat ion and the vulnerabi l i ty wil l be 
apparent . 
• The pressures on the ent i re comp lex of serv ices 
and industr ies requi red to realize the potent ia l of 
the new techno logy . 
• T h e capac i ty of the market sys tem wil l b e c o m e 
a major bot t leneck if p lanning has not a l lowed 
for t imely expans ion . 
• T h e effect on pr ices of a major p roduc t ion 
increase c a n be devastat ing i f suff ic ient stor-
age, t ransport , or export markets are not avai l -
able. Unless adequa te at tent ion is g iven to pr ice 
pol icy, there is a real danger that the d is incen-
t ives of a resul t ing low pr ice will c a u s e fa rmers 
to abandon the new techno logy as unprof i table. 
• Even if the inc reased food product ion is avai l -
ab le in the market , peop le canno t inc rease their 
nutr i t ional s tandards unless they c a n buy the 
food. Genera l deve lopment of the count ry is 
needed to inc rease incomes i f most of the extra 
food is not to be expor ted. 
• If the techno log ica l c h a n g e is imp lemen ted 
pr imari ly for food self suf f ic iency, the result may 
be an internat ional a l locat ion of resources 
wh i ch are cont rary to the compara t i ve a d v a n -
tages of t rad ing count r ies . 
T h e p rob lems noted above o c c u r in di f ferent par ts 
of the sys tem where market s ignals are se ldom 
clear or do not exist. As a result, one part of the 
sys tem wil l not adjust qu ick ly enough to events in 
another. 
T h e purpose of this paper is to present a f rame-
work wi thin wh ich the groundnut input, p roduct ion , 
and market ing sys tem of a count ry may be s tud ied 
and potent ia l bot t lenecks identi f ied and e l iminated 
before they b e c o m e cr i t ical . T h e d iscuss ion is in 
the contex t of Malawi , but a similar study cou ld be 
c o n d u c t e d in e a c h Southern Af r ican count ry . I t is 
hoped that the paper will fo rm the basis of d iscus-
s ion a m o n g workshop par t ic ipants regard ing spe-
cif ic p rob lems in Malawi and other count r ies in 
Southern Afr ica. 
Qual i tat ive in format ion about the s t ruc ture of the 
sys tem is avai lable f rom part ic ipants in the sys tem, 
the Agr icu l tura l Deve lopment Div is ions (ADDs) , 
the Ministry of Agr icu l ture, and research stat ions. 
Figure 1 presents the current ly def ined s t ructure of 
the sys tem cons is t ing of nine componen t s c o n -
nec ted by 14 partial market ing channe ls . A ful l 
unders tand ing of the sys tem wou ld involve a mul t i -
d isc ip l inary effort to quant i fy the channe l f lows, and 
unders tand the relat ionships wi th in e a c h c o m p o -
nent wh i ch determine the rates of f lows and their 
va lues. T h e degree of detai l to wh i ch a spec i f ic 
sys tem shou ld be desc r ibed and analyzed will 
depend on a number of factors , inc lud ing the 
expec ted potent ia l impor tance of g roundnuts to the 
nat ional economy , the funds avai lable to do the 
study c o m p a r e d to the complex i ty of the sys tem, 
the ease of obta in ing data, and the c o m p o n e n t s 
where the most severe bot t lenecks are expec ted to 
occur . If large amoun ts of data are avai lab le it wil l 
depend a lso on the da ta p rocess ing faci l i t ies avai l -
able. I f the compute r faci l i t ies and exper t ise are 
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T h e S y s t e m C o m p o n e n t s 
• O n c e the techno log ica l a d v a n c e is imp le-
mented , wil l another one oc c u r before popu la-
t ion inc rease over takes the f i rst? 
• T h e in t roduct ion of ear ly -matur ing cul t ivars wil l 
g ive the first accep to rs a market advan tage at 
harvest t ime. Th is will be a p rob lem if equi ty 
quest ions are important. 
P u r p o s e of this P a p e r 
P r o b l e m s Ar is ing Af te r the 
A c c e p t a n c e o f a N e w T e c h n o l o g y 
avai lable, it is possible to develop a full compute r -
based s imulat ion model of the system, but this is 
not a recommenda t ion of this paper. 
I n p u t P r o v i s i o n 
T h e goal of an input del ivery sys tem is to provide 
the right amount , of the right product , in the right 
form, in the right p lace, at the right t ime at the lowest 
possib le pr ice wh ich covers all expenses . 
The pr imary source of commerc ia l l y obta ined 
inputs to smal l holders is the Agr icu l tura l Deve lop-
ment and Market ing Corporat ion (ADMARC) . In the 
case of groundnuts , f resh seed is the main input 
suppl ied; however, farmers do not buy f resh seed 
every year but save some f rom the previous year or 
obtain them f rom neighbors. Current ly Dacon i l 
(Chlorothaloni l ) , to cont ro l ieafspot, is the only 
chemica l used in the product ion of g roundnuts , and 
i t is suppl ied direct ly f rom Shell Chemica ls , Ltd. on 
an exper imenta l basis only. Other inputs such as 
t ransportat ion may be prov ided by neighbors or 
own resources. W h e n labor is hired, ne ighbors a n d 
relat ives are the main resources. In the c a s e of 
g roundnuts for h o m e consumpt ion , labor is se ldom, 
if ever, hired. 
Since A D M A R C is an important sou rce of inputs 
to smal lholders growing groundnuts (part icular ly 
new seed), the factors within i t wh i ch affect the f low 
of inputs are important. A D M A R C is a parastata l 
organizat ion with the dual funct ion of input supp ly 
and c rop purchase. As an input p rocurement and 
distr ibution system, the fac tors af fect ing the prod-
uct quali ty and t imely f lows into and out of the 
componen t can be identi f ied as: 
• Management of the t iming of orders for mater ia l 
f rom suppl iers. 
• The f requency distr ibut ion of lag t imes be tween 
order p lacement and sh ipment arr ival. 
• Capac i ty of initial s torage faci l i t ies as wel l as 
regional and local s torage faci l i t ies. 
• Transpor tat ion sys tems inc lud ing capac i t y , 
type, and road condi t ions. 
• Management and t iming of sh ipment requests 
f rom the regional s torage faci l i t ies to the local 
sel l ing points. 
• The pr ice charged , a funct ion of p roduct cost , 
market ing costs, and government pol icy. 
In 1980 A D M A R C repor ted a ful ly uti l ized s to rage 
capac i ty of 2 9 0 0 0 0 1 for both inputs and products . 
A D M A R C serves the count ry in three regions, 
Northern, Central , and Southern. Each region has a 
number of stores and markets. S ince Ma law i is a 
land locked country (as are four other Southern 
Af r ican countr ies) the proper m a n a g e m e n t of 
impor ted inputs is difficult. 
Estates normal ly obtain their inputs f rom the pri-
vate sector, not ADMARC. 
Smallholder Producers 
The work of the lARCs and nat ional research 
organizat ions concent ra tes on prob lems wi th in this 
component . Smal lholder product ion is perhaps the 
most comp lex of the seven def ined componen ts . 
A l though the conce rn here is wi th the smal lho lder 
as a producer, an examinat ion of p roduct ion dec i -
sions cannot be isolated f rom househo ld c o n -
sumpt ion decis ions. No at tempt will be m a d e here 
to present a full d iscuss ion of the re lat ionships 
within a smal lholder product ion and consumpt ion 
unit (Wharton 1970), but some fac tors in f luenc ing 
the f lows of groundnuts out o f the c omponen t c a n 
be identi f ied. Groundnuts are used within the 
househo ld in var ious fo rms depend ing on the fam i -
ly's tastes and preferences. Groundnuts may be 
bought and the land used to p roduce someth ing 
else, or just enough land may be p lanted to g r o u n d -
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Figure 1 . Groundnut product ion and market ing 
system of Malawi . 
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nuts to satisfy the fami ly needs. Perhaps a f ield will 
be p lanted (as a pure s tand or in tercropped) wh i ch 
is expec ted to supply the h o m e needs for g round -
nuts. If i t does not, some may be purchased . If there 
is a surplus it wil l be so ld either on the local market 
or to A D M A R C , depend ing on the pr ices and the 
d is tances to the markets . Some of the fac to rs 
involved in determin ing the amoun ts g rown for c o n -
sumpt ion , cash , and actual ly sold for c a s h are: 
A m o u n t G r o w n f o r H o m e C o n s u m p t i o n 
• Family size, obl igat ions and tastes. 
• Pr ices of other c rops . 
• Cost of g roundnuts if they were to be bought . 
• Value of hav ing own assured supply of 
groundnuts . 
• Amoun t of resources avai lable, inc lud ing seed 
availabil i ty. 
• Suitabil i ty of land and c l imat ic fac tors for g row-
ing groundnuts . 
A m o u n t G r o w n f o r C a s h 
• Expected profit f rom groundnuts . 
• Expec ted profit f rom other possib le c a s h crops. 
• Resources avai lable after prov id ing for home 
consumpt ion of maize and groundnuts . 
• Market proximity and size. 
A m o u n t A c t u a l l y S o l d f o r C a s h 
• D isc repanc ies be tween actua l and expec ted 
yields. 
• Abil i ty to store g roundnuts adequate ly . 
• Preference for c a s h now versus g roundnu ts 
later. 
Some fac tors wi th in the product ion c o m p o n e n t 
w h i c h af fect the f low of inputs can be ident i f ied. 
Whi le i t is t rue that in the long run over many years 
no input is ent irely f ixed in its availabi l i ty, a farmer 
c a n obtain or lose land, he c a n increase his fami ly 
size to prov ide more labor or he can take a part-
t ime job off the fa rm to increase work ing capi ta l . 
However , at the t ime that he must make dec is ions 
regard ing resource a l locat ion for a spec i f ic g row-
ing season, there are inputs whose avai labi l i t ies 
are f ixed for the durat ion of the season. The level at 
wh i ch these resources are f ixed, and the cos ts of 
and expec ted returns to apply ing other var iable 
inputs are the under ly ing fac tors determin ing what 
a farmer wants to g row for c a s h and the inputs he 
wants to use. The amount of cash and credit a 
fa rmer has avai lable will be a s t rong determinant of 
the quant i t ies of inputs a smal lholder is f inancial ly 
able and wi l l ing to purchase. 
As shown in Tab le 1 yields on fa rmers ' f ields 
have fal len s ince 1 9 7 8 / 7 9 and the reason is not 
entirely clear. A full explanat ion may be part e c o -
nomic and part agronomic . Further research at the 
farm level is needed. 
Estate Producers 
T h e estate produc t ion of g roundnuts has not been 
fully exp lored. I t is known that they do p roduce 
groundnuts and at least some of them are sold to 
Lever Brothers (Malawi) Ltd. (They may a lso sell to 
A D M A R C but this has not been conf i rmed.) 
Local Markets 
Local markets refer to p laces where a number of 
local ru ra l -based buyers and sel lers c o m e together 
to t rade their products for cash . 
Groundnu ts are sold th rough local markets in 
several fo rms: unshel led, shel led, and salt coa ted . 
Table 1. Yields of groundnuts. Malawi, 1 9 7 8 / 7 9 - 1982 /83 . 
Year 
1978 /79 
1979 /80 
1980/81 
1981 /82 
1982 /83 
Farmer1 
Chalimbana (MK3/kg) Chalimbana (MK/kg) 
4 9 4 N/A 
515 170 
245 518 
189 80 
N/A N/A 
Research2 
Mani Pintar (MK/kg) 
1160 
1030 
1400 
8 0 0 
1040 
1. LADO Evaluation Office. 
2. Chitedze Research Station. 
3. Malawi Kwacha. 
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Urban markets refer to those markets in wh ich 
buyers are predominant ly urban dwel lers. T w o 
types of such markets c a n be ident i f ied: the tradi-
t ional open air type and the more modern shop or 
supermarket type. General ly , the sel lers on the tra-
dit ional urban market will obtain their g roundnuts 
f rom local markets in the rural areas and br ing them 
to the urban areas (or buy them f rom midd lemen 
who per form this serv ice) , or they may buy direct ly 
f rom A D M A R C . The modern urban market will nor-
mal ly have all g roundnut products avai lable for sale 
wh i ch may be obta ined f rom any or all sources, 
notably inc luding industr ial users. 
The groundnut process ing industry in Ma lawi is two 
f i rms, Sales Serv ices Ltd., an affi l iate of Guthr ie 
(Malawi) Ltd., and Lever Brothers (Malawi) Ltd. 
Sales Serv ices Ltd. of Blantyre buys Cha l imbana 
groundnuts f rom A D M A R C and p rocesses t h e m 
into three brands of fr ied nuts and a groundnut 
butter product . "Tamba la K ings " is the b rand n a m e 
of a fr ied confec t ionary nut wi th the skins removed . 
"Tamba la Redsk ins" are a lso a f r ied con fec t ionary 
nut but wi th the skins left on . The fr ied nut p roduct 
cons is ts of splits and shrivels. T h e groundnut butter 
product is marketed as two l ines, one labeled "Pea -
nut Butter" the other "Tamba la Nut Butter" . Splits 
and shrivels are also used as feed rat ions. 
Lever Brothers (Malawi) Ltd. pu rchases g round -
nuts (Mal imba and Manipintar) f rom both A D M A R C 
and estates, to p roduce cook ing oil wh i ch is so ld 
under the brand names " C O V O " and "Kaz inga" . 
Dur ing shor tages of o i l - type nuts, Lever Brothers 
buys Cha l imbana nuts (not normal ly an oil nut) to 
make cook ing oil. 
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Industrial Users 
pr ices. in ef fect A D M A R C act iv i t ies set f loor pr ices 
for products , inc lud ing groundnuts . T h e two types 
o f groundnuts hand led by A D M A R C are the C h a -
l imbana cult ivar, wh ich is genera l ly used for c o n -
f e c t i o n a r y c o n s u m p t i o n , a n d M a l i m b a o r 
Manipintar cul t ivars wh i ch are main ly used for oil. 
A D M A R C has main ta ined a g rad ing sys tem for 
groundnuts . From 1971 (or earl ier) to 1983 there 
were three g rades for Cha l imbana. Unti l 1977 they 
were des ignated as (1), (2), and (3), wi th (1) c o m -
mand ing the highest pr ice. From 1978-82 the 
grades remained m u c h the s a m e but we re des ig -
nated GDA, G D B , and GDX. Wi th the 1 9 8 4 / 8 5 
buying season the Cha l imbana Grades G D A and 
G D B were comb ined into a s ingle g rade GDA. T h e 
GDX grade (splits and shrivels) b e c a m e G D B . 
Mal imba and Manipintar cul t ivars do not have 
grades based on quality, only on the deg ree of 
p rocess ing (shel led or unshel led). 
The quant i t ies of g roundnuts f lowing into 
A D M A R C are af fected by few fac tors wi th in 
A D M A R C itself. The pr ices cha rged ac t as f loor 
pr ices for the free market . Depend ing on the y ie lds 
in a part icular year the pr ices on the loca l market 
after harvest may drop quick ly (or s lowly) resul t ing 
in a high (or low) vo lume being of fered for sa le to 
A D M A R C . Quant i t ies and pr ices o f A D M A R C pur-
chases and expor ts dur ing 1979-84 are s h o w n in 
Table 2. 
Urban Markets 
There may be a cer ta in amoun t of in formal g rad ing 
in such markets, but they are not cons is tent f rom 
one market to the next nor f rom year to year. T h e 
pr ices on these markets are f ree market pr ices and 
f luc tuate seasonal ly in response to supply and 
dem and . There are few, i f any, adequa te faci l i t ies 
for long- term storage of g roundnuts in loca l 
markets. 
Ch ipe ta (1981) descr ibes three types of local 
markets : the h o m e market, the ce remon ia l market , 
and the inst i tut ional market . The h o m e market is 
charac ter ized by cus tomers approach ing p roduc-
ers at their homes or perhaps p roducers search ing 
out cus tomers at their homes. Trad ing on a ce re -
monia l market takes p lace w h e n people gather for 
dances , feasts, or other occas ions . The inst i tu-
t ional market is descr ibed as an estab l ished market 
p lace where barter is a lmost absent. A w ide range 
of commerc ia l and soc ia l act iv i t ies are cen te red in 
these markets and larger vo lumes of p roduce can 
be sold through them than the other two. There are 
a number of pr ivate midd lemen operat ing in the 
groundnut sys tem who buy on the local inst i tut ional 
markets and sell on the urban markets . However , 
their s ign i f icance in terms of vo lume and ef f ic iency 
is not known. 
S ince groundnuts must be harvested qu ick ly and 
require cer ta in s torage condi t ions to prevent dan -
gerous molds f rom growing, smal lholders may sell 
on the local markets short ly after harvest as long as 
the pr ice is at least as high as the A D M A R C pr ice, 
p lus the d i f ference in t ransportat ion costs . Add i -
t ional surplus product ion will be sold to A D M A R C . 
A D M A R C purchases groundnuts and other smal l -
holder c rops at p redetermined and annual ly f ixed 
ADMARC 
Domestic Consumption Export Markets 
Domest i c consumpt ion refers to the consumpt i on 
of g roundnuts and groundnut p roduc ts wi th in 
Malawi , not just by the househo ld p roduc ing the 
crop. On the supply side, domes t i c consump t i on is 
served by three sources: h o m e product ion , local 
markets, and urban markets . On the d e m a n d side, 
g roundnuts in s o m e fo rm are c o n s u m e d by al l sec -
t ions of Ma lawian society wi th the var ious supply 
channe ls tend ing to serve cer ta in sect ions. The 
rural sec t ion of Ma lawian soc ie ty obta ins most of its 
g roundnuts f rom their o w n produc t ion and th rough 
loca l markets . Urban based industr ial workers and 
profess ionals obta in most of their g roundnut p r o d -
uc ts th rough the tradi t ional urban markets and 
retail s tores. Also, the urban populat ion may obta in 
g roundnuts f rom local markets and even th rough 
informal t ransfers f rom f r iends and relat ives in the 
rural areas. 
In m a n y rural areas where cook ing oil is not 
pu rchased , g roundnuts are of ten g round f inely and 
added to leafy vegetab les, or meat . Somet imes 
g roundnuts are local ly fr ied, g round , and m ixed 
wi th w a r m water to fo rm a rel ish, but this is not 
c o m m o n . 
In the past most expor ted groundnuts were sold to 
the UK in the form of fr ied confec t ionary nuts. H o w -
ever, in recent years the wor ld pr ice has deter io-
rated and it is no longer prof i table to sell to such a 
distant market . Current ly, the only groundnut p rod -
ucts expor ted are Tamba la Kings and Tamba la 
Redskins so ld to Bo tswana, Z imbabwe , and South 
Afr ica. 
M u c h work has yet to be done to quant i fy the 
vo lumes and values of mater ia l f lowing th rough the 
groundnut sys tem of Malawi . Figure 1 ident i f ied 
each f low of mater ia l by a number. These numbers 
are used in Tab le 3 as a f low ident i f icat ion. Tab le 3 
ind icates the cur rent status of quant i f icat ion and 
the expec ted sources of further data. T h e tab le 
presents the 14 current ly def ined f lows by numbers 
a long the top and the expec ted sources a long the 
left s ide. An "X " ind icates that data f rom the sou rce 
regard ing a part icular f low has been ob ta ined and 
is as comp le te as that sou rce c a n prov ide; i t does 
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Table 2. Quantities and prices of ADMARC purchases and exports of groundnuts, Malawi. 1979-1984 . 
Year 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
ADMARC domestic purchases 
Qty. 
(t) 
39273 
2 9 9 8 1 
2 8 7 9 4 
3 2 8 0 7 
3 2 5 5 3 
18497 
11130 
2 4 2 9 6 
3 1 4 1 8 
19494 
10432 
104951 
NA 
Value3 
(MK' 000)4 
4 3 7 6 
3 6 9 4 
4 5 4 3 
5221 
5577 
3383 
2 2 3 0 
7331 
9689 
5976 
3408 
5215 1 
NA 
Implied 
price 
(MK/kg) 
.111 
.123 
.158 
.159 
.171 
.193 
.200 
.302 
.308 
.307 
.327 
.497 
.541 
Implied 
real price 
(MK/kg) 
.099 
.104 
.116 
.101 
.104 
.107 
.108 
.147 
.126 
.115 
.111 
.147 
NA 
Exports 
Qty. 
(t) 
NA 
NA 
NA 
NA 
NA 
NA 
6 8 3 0 
13697 
2 5 5 5 6 
11121 
7228 
10312 
NA 
Implied Implied 
Value3 price real price 
(MK'OOO) (MK/kg) (MK/kg) 
7123 NA 
5922 NA 
5202 NA 
6 4 9 0 NA 
11243 NA 
8861 NA 
4 6 7 3 .684 
8 8 6 6 .647 
15937 .624 
10622 .925 
4 6 3 4 .641 
726 2 .704 
NA NA 
NA 
NA 
NA 
NA 
NA 
NA 
.484 
.345 
.316 
.648 
.314 
.207 
NA 
1. Estimated. 
2. To September. 
3. Deflated by the Blantyre Low Income Retail Price Index (1970 = 100) • 
4. Malawi Kwacha . 
Source: Malawi Monthly Statistical Bulletin, Dec 1983 
Initial in format ion indicates that a large proport ion 
of g roundnut seed or iginates on the smal lho ld ing 
itself or on ne ighbor ing farms. A D D reports that in 
the Dedza Hil ls Rural Deve lopment Project, most 
smal lho lders ( 8 7 % of sample) plant g roundnuts 
saved f rom the prev ious year. The second most 
f requent sou rce was "other s o u r c e s " (8%) fo l lowed 
by A D M A R C (5%). 
There is no moni tor ing of local markets but the 
A D D s may have est imates of this f low. A l te rna-
tively, a spec ia l survey cou ld prov ide an es t imate . 
The Agro -Economic Survey su rveyed 19 loca l 
markets throughout the count ry in 1982 (Tab le 4) 
and reports that on average, shel led g roundnu ts 
were pr iced at MK 1 .02755/kg whi le the pr ice of 
unshel led groundnuts was MK 0 . 7 4 6 / k g ; a MK 
0 .2755 /kg (36%) increase in value per unit we igh t 
(MK is the Malawi Kwacha) . I f th is type of survey 
cont inues yearly for ent ire years , fur ther ana lyses 
may be done to identify the three c o m p o n e n t s of a 
t ime ser ies ( long- term t rend, seasona l cyc les , a n d 
random f luctuat ions). This type of ana lys is cou ld 
assist great ly in determin ing appropr ia te f loor 
pr ices. 
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This is a very diff icult quant i ty to measu re but may 
be es t imated i f the total p roduc t ion and f lows to 
loca l markets and A D M A R C are avai lable. A spe-
cia l survey may also provide an est imate. 
Smallholder Producers to Domestic 
Consumption (3) The data avai lab le are total A D M A R C pu rchases by quant i ty and va lue (Table 2). Figures 2-4, pres-
ent the total domest i c pu rchases of g roundnu ts by 
A D M A R C by quant i ty, value, and pr ice f rom 1 9 7 2 -
83. As shown in Figure 2 there is a genera l d o w n -
ward t rend in the vo lume of A D M A R C pu rchases of 
Smallholder Producers to ADMARC (5) 
Smallholder Producers to 
Local Markets (4) 
Input Provision to Smallholder 
Producers (1) 
not necessar i ly mean that i t is fully adequate for the 
purposes of this study. An " O " indicates that the 
source of data has not been complete ly explored. 
Some data may have been obta ined but more are 
avai lable. 
The remainder of this sect ion is a d iscuss ion of 
the vo lumes and values of f lows as de termined to 
date. 
Table 3. Sources of data for flows through the groundnut system of Malawi. 
Sources 
ADMARC 
ADD's 
Monthly Stat. 
Bulletin 
Lever Bros 
Sales services 
PTC 
Kandoda 
Estates 
Dar 
Planning (Ag) 
Estimates 
Spec. Surveys 
Produce 
Export Co. 
Malawi Expt. 
Prom. Counc. 
National 
Seed Co. 
Flows 
1 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
0 
4 
0 
0 
0 
0 
5 
0 
x 
0 
0 
6 
0 
7 
0 
8 
0 
9 
0 
0 
0 
10 
0 
0 
11 
0 
0 
0 
0 
12 
0 
0 
13 
x 
0 
0 
0 
0 
0 
14 
0 
0 
0 
0 
Notes. X - All data available has been obtained. 0 - Not all data available has been obtained, some may have. 
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groundnuts . The va lue and pr ice of g roundnuts are 
shown in Figures 3 and 4 in two ways. The nominal 
va lue and pr ice are the pr ices repor ted in current 
Kwacha . The real va lue and pr ice are the nomina l 
measures def la ted by the Blantyre Low Income 
Price Index (1970 = 100) (Table 6). The changes in 
these def lated values give a better indicat ion of the 
s ign i f icance of the changes in relat ion to pr ice 
changes in the e c o n o m y general ly. Figure 3 indi -
cates that whi le the nominal va lue of g roundnut 
pu rchases shows little t rend, i t has f luc tuated f rom 
almost 10 MK to a little over 2 MK. The real va lue of 
purchases has shown a fairly def ini te d o w n w a r d 
t rend. Figure 4 indicates that the nomina l pr ice pa id 
for g roundnuts has shown a persistent, but not 
steady, increase over the years 1972-83 but the 
real pr ice has been fairly constant . 
Figure 3 . Nomina l and real value of groundnut purchases by A D M A R C (Ma lawi : K w a c h a ) . 
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The impor tance of groundnuts , t obacco , r ice, 
pulses, and other exports in the total va lue of 
exports f rom 1972-84 is shown in Figure 5 (see a lso 
Tab le 5). The data show that g roundnuts have 
never been of major s ign i f icance as an export and 
the relat ive impor tance has been fal l ing. 
Industrial Users to Export Markets (13) 
Figure 2 . A D M A R C purchases of groundnuts . 
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8000 
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Industrial Users to Urban Markets (12) 
The main products f lowing through this part of the 
market ing sys tem are the fr ied nut products , the 
groundnut butter products, and groundnut cook ing 
oil. From personal observat ion i t wou ld appear that 
the industrial users are able to fill the domes t i c 
demand for all i tems except cook ing oil . Somet imes 
there is a shortage of domest ica l ly p roduced oil 
and imports must be obta ined. (The oil so ld by 
Lever Brothers under the brand n a m e "L iv io " is 
imported f rom South Afr ica). 
Figure 4 . Average pr ice of shel led groundnuts paid by A D M A R C (Ma lawi K w a c h a ) . 
F igure 5. Cumula t ive percent shares of exports . 
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In order to obtain some indicat ion of the profit-
ability of groundnut exports, the market ing marg in 
between the average impl ied pr ice paid to fa rmers 
and rece ived for exports has been examined . Fig-
ure 6 indicates that this margin has nar rowed every 
year s ince 1979 except in 1981 w h e n i t w i d e n e d 
phenomenal ly due to a part icular ly h igh impl ied 
average pr ice received for exports . In 1983 the 
marg in was 5 7 % less than i t was in 1978. This 
narrowing margin is mak ing it progress ive ly less 
at t ract ive to export and i f the t rend con t inues 
groundnuts may d isappear f rom Malawi 's list of 
exports . 
• The export market for f r ied nuts has been 
deter iorat ing. 
• Yields on smal lholder f ields are low a n d appear 
to be fal l ing relat ive to potent ials (see Tab le 5). 
• Domest ic market d e m a n d is cur rent ly be ing met 
by domest ic product ion for all g roundnut p ro -
duc ts except cook ing oil. 
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Without an inc rease in expor ted products , any 
techno log ica l advances to increase the y ie lds of 
Tentative Conclusions 
Table 6. Blantyre all item retail price index for low 
incomes, 1972 - 1983. 
Year 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
Index 
112.1 
117.8 
135.9 
157.0 
163.8 
170.7 
185.2 
206.1 
243.9 
267.2 
292.4 
337.5 
Source: Monthly Statistical Bulletin, Dec 1983 P. 18. 
Observa t ions a n d C o n c l u s i o n s 
Al though the mode l is far f rom comp le te , s o m e 
observat ions and tentat ive conc lus ions may be 
drawn. 
Observations 
Figure 6 . Impl ied farm and expor t prices for groundnuts and groundnut products , Ma lawi (Ma lawi 
Kwacha) . 
groundnuts shou ld be d i rec ted at two goals : 
• Releasing s o m e smal lho lder land f rom the pro-
duct ion of ea t ing- type g roundnuts to p roduc t ion 
of other c rops. 
• Increas ing the amount of o i l - type g roundnuts so 
that Malawi may be assured of its own supply. 
Process ing capac i ty may have to be inc reased 
also. 
I f expor ts are to be inc reased to utilize the add i -
t ional p roduct ion , then market s tudies must be 
done to de te rmine where those markets are and 
what p roducts and qual i t ies are requi red to c o m -
pete. Current ly, a smal l amount of fr ied nuts are 
expor ted to nearby countr ies. A search for add i -
t ional p roducts uti l izing g roundnuts shou ld be 
made. The re are a number of con fec t ions not cur -
rently p roduced in Malawi wh i ch utilize g roundnuts 
in con juc t ion wi th popcorn , choco la te , sugar, etc. 
Perhaps s o m e of these cou ld be p roduced to util ize 
addi t ional g roundnut p roduc t ion . Some of the 
groundnut p roducts current ly p roduced for d o m e s -
t ic consumpt ion cou ld be expor ted i f more w e r e 
p roduced . 
The actua l ad jus tments wh i ch wil l have to be 
m a d e in response to an inc reased groundnut y ie ld 
will depend on the type of nut to w h i c h the n e w 
techno logy is appl ied and assumpt ions about 
exports . Logical ly, there are six possib le s i tuat ions: 
• techno log ica l improvement in the product ion of 
eat ing- type nuts 
• wi th no increase in exports, and 
• wi th inc reased exports; 
• techno log ica l improvement in the p roduc t ion of 
o i l - type nuts 
• wi th no increase in exports, and 
• wi th increased exports; and 
• techno log ica l improvement in both oil and eat-
ing nuts 
• w i th no inc rease in exports, and 
• wi th inc reased exports. 
Improvement in the Product ion 
of Oi l -Type Nuts 
W i t h o u t I n c r e a s e d E x p o r t s . Indicat ions are that 
Malawi barely p roduces enough cook ing oil for its 
own needs. More cou ld probably be p roduced for 
domes t i c consumpt ion but fur ther s tudy shou ld be 
done to de termine the cause of this short fal l . I f the 
shor tage is because they are not prof i table to grow, 
then the p rob lem is one of pr ice a n d / o r y ie ld. A 
techno log ica l c h a n g e wh ich wil l i nc rease prof i t-
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abil i ty by increas ing y ie id wi th a modest inc rease in 
input cos ts c a n be expec ted to reduce this short fal l 
wi thout hav ing to increase pr ices. 
T h e fact that the ef fect ive d e m a n d for cook ing oil 
is barely sat isf ied has a nutr i t ional impl icat ion 
w h i c h shou ld be invest igated. I t c a n be expec ted 
that nutr i t ional need is greater than the ef fect ive 
market d e m a n d . A study of the nutr i t ional ade -
quacy of fat so luble v i tamins (A, D, E, and K) in the 
diet may ind icate a need for addi t ional fats and oils. 
Vi tamin A is essent ia l to the deve lopment and 
heal thy ma in tenance of the eyes, sk in, and bones. 
Vi tamin D is necessary for ca l c i um and phospho-
rus to be absorbed by the bones, teeth, and b lood. I t 
helps mainta in proper ch i ld growth and is essent ia l 
for the erupt ion of teeth. Vi tamin E is needed to 
absorb cer ta in fats and is necessary for p remature 
and low-b i r th-weight infants to prevent a fo rm of 
anemia c o m m o n in these infants known as h e m o -
lytic anemia . Vi tamin K is necessary for b lood to 
coagu la te in the event of wounds . Groundnuts do 
not provide all of these oil soluble v i tamins but they 
are r ich in v i tamin E. They also prov ide oil to a l low 
the absorpt ion of the other oil soluble v i tamins f rom 
other sources . Improved techno log ies and nutri-
t ional educa t ion to increase the product ion and 
consumpt ion of o i l - type groundnuts can contr ibute 
s igni f icant ly to al leviat ing any def ic ienc ies that may 
exist, part icular ly of v i tamin E. 
I f the new techno logy requires addi t ional inputs 
A D M A R C wou ld have to adjust to prov ide them. 
A lso A D M A R C wou ld have to increase its capac i ty 
to handle the inc reased vo lume of groundnuts . 
Current ly, only Lever Brothers (Malawi) Ltd. is 
p roduc ing oil , and i t may have to increase its 
capac i ty also. At tent ion should be paid to the pr ice 
s t ructure to ensure that oil nuts are prof i table wi th-
out resul t ing in a surplus. 
W i t h I n c r e a s e d E x p o r t s . The export possibi l i -
t ies for groundnut oil may be good in ne ighbor ing 
count r ies and even possibly in Asia. I f s u c h 
markets are ident i f ied, i t is important that studies be 
done to examine Malawi 's abil i ty to c o m p e t e on 
pr ice and qual i ty cons ider ing the c.i.f. p r ice 
obta ined, t ransportat ion costs, p rocess ing cos ts in 
Malawi , etc. (i.e., the value added at each s tage of 
the movemen t f rom the Ma law ian fa rmer to the 
fore ign consumer ) , and the profitabil i ty o f the c rop 
under the new techno logy c o m p a r e d wi th the prof-
itability of other c rops . Care shou ld be taken not to 
a s s u m e that the relat ive profitabil i ty wil l be the 
s a m e in all parts of the country . Some areas wil l 
have a compara t i ve advan tage in g roundnuts whi le 
other areas wil l have an advan tage in another c rop . 
A D M A R C may have to prov ide addi t ional inputs 
and increase its capac i ty to hand le the product . 
The process ing industry, Lever Brothers (Malawi ) 
Ltd., in this case , wil l need to inc rease capac i t y and 
perhaps product charac ter is t ics and packag ing . 
A lso t ranspor tat ion must be adequa te both wi th in 
the count ry and i f necessary , to seapor ts . 
Improvement in Both Eating and Oil Nuts 
The c o n s e q u e n c e s of inc reased y ie lds in bo th eat-
ing and oi lnuts wou ld be m u c h the s a m e as s tated 
above with the added comp l i ca t ion that oil and 
eat ing nuts may c ompe te wi th e a c h other more 
than i f only one was improved. Th is is par t icu lar ly 
t rue i f expor ts are inc reased substant ia l ly for both. 
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Deve lopment Divis ion 
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Ngabu Agr icu l tura l 
Deve lopment Div is ion 
Private Bag 
Ngabu . Ph: 1 1 / 1 3 / 3 7 
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P.O. Box 43 
Karonga 
Ph:Karonga 5 3 / 5 4 
Program Manager 
Sal ima Agr icu l tura l 
Deve lopment Div is ion 
P / B a g 1 
Sal ima 
Ph: 2 6 2 - 3 7 1 , 261-361 
Principal Economis t 
Planning Div is ion 
Ministry of Agr icu l ture 
P.O. Box 30134 
L i longwe 3 
Ph: 731 -300 
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P / B a g 5 
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P.O. Box 1299 
Blantyre 
Ph:634-499 
Press (Farming) Ltd. 
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L i longwe 
Ph :721-311 , 721 -918 
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P.O. Box 30402, Chich i r i 
B lantyre 3 
Ph:631-900 
Chief Execut ive 
K A N D O D O 
Victor ia Avenue 
Box 549 
Blantyre 
Ph:633-866 
Produce Export C o m p a n y 
P.O. Box 5767 
L imbe 
Ph:651-388 
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The Extension and Training System in Malawi 
J.A. Mhango* 
Summary 
This paper describes the organization of agricultural extension and training in Malawi. Basic 
policies are stated, planning of the extension approach is outlined, and training described. Linkages 
with the Department of Agricultural Research are given considerable emphasis, and training and 
research liaison meetings are important components of the system. 
Since the incept ion of the Nat ional Rural Deve lop-
ment Program (NRDP) in the late 1970s, Malawi 
has been trying to improve and deve lop its ex ten-
s ion and t ra in ing concep ts and strategies in order 
to meet the cha l lenges of the 1980s. Before NRDP, 
the then Ministry of Agr icu l ture and Natural 
Resources (now split into Ministry of Agr icu l ture 
and Ministry of Forestry and Natural Resources) 
admin is tered, apart f rom other serv ices, the Exten-
s ion Serv ices on a regional basis. However , wi th in 
the regions four major agr icul tural pro jects were 
estab l ished, operat ing as au tonomous units out-
s ide the regional s t ructure. At that t ime the ex ten-
sion serv ices to the farmer were largely based on 
the individual approach in both areas under the 
regional agr icul tural off icer and the major agr icu l -
tural projects. 
Under the NRDP however , the Extension Ser-
v ices have been reorganized into Extension Plan-
ning Areas (EPA), Rural Deve lopment Projects 
(RDP), and Agr icu l tura l Deve lopment Div is ions 
(ADD). This has necess i ta ted a change in ex ten-
s ion pol icy f rom individual to group or mass 
approach . All th is is des igned to spread rural deve l -
opment th roughout the count ry wi th in a reasonab le 
per iod of t ime. 
In order to understand our ex tens ion sys tem a 
knowledge of our present organizat ional s t ruc tu re 
is vital. Instead of having a regional s t ruc ture c o n -
sist ing of only three regions, the Extension Serv ices 
have now been reorganized into eight A D D s , e a c h 
headed by a program manager who is suppor ted by 
an assistant and a number of subject mat ter spe -
cial ists (SMS) in var ious f ields, e.g., ex tens ion, 
training, crops, animal husbandry, eva luat ion, fore-
stry, credit and market ing, land husbandry , and 
women ' s programs. Previously the p rog ram m a n -
agers reported to the head of the Depar tment of 
Agr icul tura l Deve lopment responsib le for the 
Extension Services, but they now report to the pr in-
c ipal secretary through the contro l ler of Agr i cu l -
tural Services. However, technica l ly the pr inc ipa l 
secretary is still being suppor ted by severa l heads 
of depar tments and their special is t of f icers under 
him based at Ministry headquar ters . 
Below the A D D s are RDPs m a n n e d by pro jec t 
off icers. Initially there were 40 RDPs p lanned for a 
phased deve lopment per iod o f 15 -20 years . T h e 
plans have s ince been rev ised by comb in ing or 
phas ing in cer ta in areas so that we now have 28 
O r g a n i z a t i o n 
* Pr incipal Extension Off icer, Minist ry of Agr icu l ture, Malawi 
Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics. 1984. Regional Groundnu t Workshop for Southern Af r ica , 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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RDPs to implement , Th is wil l necess i ta te a qu icker 
deve lopment o f the who le coun t ry than w a s or ig i -
na l l y p lanned . Each RDP area is s u p p o s e d to have 
approx imate ly 2 5 0 0 0 to 3 0 0 0 0 fa rm fami l ies 
(approx imate ly 1 2 5 0 0 0 to 1 5 0 0 0 0 people) to be 
cove red . 
The re are about 180 EPAs and e a c h has an 
average of 5000 fa rm fami l ies (approx imate ly 
2 5 0 0 0 people) headed by a deve lopmen t of f icer 
(DO). I t is here whe re the key to p lann ing, deve lop -
ment , and implementa t ion of all ex tens ion pro-
g rams lies. That is why at both RDP and EPA levels 
there are rep l icas of A D D level SMSs, only thei r 
profess ional qual i f icat ions a n d g rades tend to be 
lower as you go d o w n the ladder. 
Each DO is supposed to cont ro l up to 10 f ie ld 
ass is tants in his a rea under wha t is cons ide red to 
be an ideal s i tuat ion, so there is a 1:500 r e c o m -
m e n d e d s ta f f / f a rm fami ly rat io per f ield ass is tant 
sec t ion . However , the real s i tuat ion on the g r ound 
is di f ferent in that on the average there are more 
fa rm fami l ies to e a c h f ield assistant than the 
r e c o m m e n d e d ratio. Th is and other fac tors have 
had a great bear ing on the present t rend of our 
ex tens ion app roaches in Malawi . 
Detai ls of the organizat ional s t ruc ture are g iven 
in Figures 1 and 2. 
Figure 1. Ministry of Agriculture—-Professional depar tments . 
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E X T E N S I O N S E C T I O N 
( F i e l d A s s i s t a n t ) 
EXTENSION PLANNING AREA 
( D e v e l o p m e n t O f f i c e r ) 
RURAL DEVELOPMENT PROJECT 
( P r o j e c t O f f i c e r ) 
AGRICULTURAL DEVELOPMENT 
D I V I S I O N 
( P r o g r a m M a n a g e r ) 
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D I V I S I O N 
AGRICULTURAL 
RESEARCH 
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T h e pol icy of Extension and Tra in ing in Ma law i is 
geared towards meet ing the needs and aspi ra t ions 
of the smal lho lder fa rmers w h o are the ma in pro-
ducers of bas ic food c rops in the count ry . In order 
to meet this requ i rement we have t r ied to p lan and 
deve lop a reasonably sat is factory and workab le 
del ivery sys tem a imed a t the genera t ion and c o n -
t inuous t ransfer of agr icu l tura l know ledge to the 
majori ty of smal lho lders . Embod ied in the pol icy are 
the fo l lowing sal ient fea tures w h i c h were deve l -
oped in ear ly 1 9 8 1 : 
• Extension con tac ts to be based on a g roup 
app roach , i.e., e a c h f ield assistant to d iv ide fa rm 
fami l ies in his sec t ion into reasonab le s ized 
g r o u p s / s u b s e c t i o n s or b locks and to a r range to 
meet t h e m at least o n c e a for tn ight at a spec i f ied 
p lace, date, and t ime. 
• The techn ica l messages to be, as far as poss i -
ble, de l ivered th rough demons t ra t ion , c l ient par-
t ic ipat ion, and prac t ice , preferably on fa rmers ' 
gardens o r c l u b / g r o u p gardens . 
• The DO to conduc t t ra in ing of his ex tens ion 
workers by demonst ra t ions dur ing his regular 
schedu led meet ings (fortnight ly or month ly ) to 
ensure that they are suff ic ient ly prof ic ient to 
t each fa rmers th rough demonst ra t ions . 
• Extension staff to ensure that all fa rmers in dif-
ferent g roups in their sec t ions are invi ted to 
at tend the demonst ra t ions at the p rede te rm ined 
t imes and p laces . Farmers or c lub m e m b e r s to 
be involved as demonst ra to rs in t each ing the 
skil ls to the groups. 
• Apar t f rom schedu led superv isory p rograms, 
DOs to carry out surpr ise c h e c k s on ex tens ion 
workers based on their month ly / fo r tn igh t l y work 
p rograms to ensure that the ag reed a p p r o a c h 
and methods are be ing fo l lowed. 
• Farmers to par t ic ipate in ex tens ion and t ra in ing 
p rogram planning and imp lementa t ion . 
• Resident ial and Day Tra in ing Cent res to act as 
back -up serv ices to ex tens ion p rograms by 
p lanning and running cou rses based on the 
overal l annua l workp lan of e a c h EPA. 
• Staff to t ransfer techno logy to the fa rmers cor -
rect ly and in a t imely manner , based on the 
ca lendar of fa rm act iv i t ies. 
invo lvement of local leaders represent ing the f a rm-
ing populat ion. The DO holds a ser ies of meet ings 
to wh i ch he invites the SMSs f rom the Project head-
quar ters if he feels that their input is necessary . 
This exerc ise takes the fo l lowing steps: 
1 . Co l lec t ing and updat ing bas ic data by e a c h 
extens ion worker and SMS before the meet ings 
are c o n v e n e d . The major i ty of the da ta is 
ga thered cont inuous ly as e a c h m e m b e r of staff 
goes about h i s / h e r work. Other data are 
ga thered annual ly dur ing the lax per iod before 
the Annua l Program formulat ion meet ings. Eval-
uat ion sect ions of e a c h agr icul tura l d iv is ion a lso 
make avai lab le for d iscuss ion work ing papers 
wh i ch they p roduce f rom their annua l surveys. 
2. Rev iew of progress acco rd ing to the prev ious 
Annua l Work Plan wh i ch involves an analys is 
and d iscuss ion on the ach ievemen ts c o m p a r e d 
with the targets that had been set for e a c h ac t iv -
ity subject by subject . Successes , fai lures, and 
prob lems and their poss ib le causes are noted. 
3. Formulat ion of the p rogram cons ider ing : 
a. the lessons learned dur ing the review, a n d 
b. the Nat ional Pol icy d i rect ives, current and 
new techn ica l recommenda t ions , observa-
t ions or c o m m e n t s brought up on e a c h act iv -
ity dur ing the year as a result of spec ia l 
surveys c o n d u c t e d by the Evaluat ion Sec-
t ion of the A D D in the area, etc. 
4 . Sett ing new targets and drawing up an Annua l 
Work Ca lendar for e a c h act iv i ty acco rd ing to the 
p roposed Work Program. This del iberat ion 
inc ludes suggest ions for the equ ipment , tools, 
and inputs w h i c h wil l have to be inc luded in the 
project of f icer 's internal budget . 
O n c e the work p lan has been agreed at EPA 
level, i t b e c o m e s the draft inst rument and is sub jec t 
to fur ther d iscuss ion and rat i f icat ion at a meet ing 
c o n v e n e d by the project off icer. At this meet ing , the 
project off icer, his SMSs, A D D - b a s e d SMSs and 
the DOs examine the proposa ls and cons ider the 
i tems sugges ted for inc lus ion in the Internal Budget 
in the contex t of the funds l ikely to be avai lab le to 
the project . Af ter the necessary modi f i ca t ions a n d 
a m e n d m e n t s have been made, the Work Plan is 
then approved for fa i r ing and adopt ing at the EPA 
level. Thereaf ter the project off icer comp i l es a Pro-
ject Work Plan as d i scussed and agreed for sub -
miss ion to the p rogram manager . 
A t A D D level, the p rog ram manager , together 
wi th project of f icers and A D D - b a s e d specia l is ts , 
examine e a c h Project Work Plan, pay ing par t icu lar 
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Annua l work p lans (WPs) are d rawn up by the DO 
and his ex tens ion and sub ject mat ter staff wi th the 
Extens ion P r o g r a m P l a n n i n g 
E x t e n s i o n a n d T r a i n i n g Po l icy 
attent ion to e a c h d e m a n d on the annua l f inanc ia l 
a l locat ion. Budgets (one for e a c h Project) are pre-
pared in detai l for e a c h EPA and e a c h Project by 
c o m p o n e n t of project act ivi ty in l ine wi th the Work 
Program. 
Every year, p rogram managers are in fo rmed by 
the Treasury th rough the Secretary for Agr icu l ture 
(Planning Divis ion) of the (revised) ce i l ings of the 
funds within wh i ch they shou ld budget for e a c h ful ly 
funded Project on Deve lopment A c c o u n t for the 
fo l lowing f iscal year. In the case of Projects w h i c h 
are still operat ing on Revenue Accoun t , they are 
adv ised of the pe rcen tage wi th in wh i ch they shou ld 
budget for their p rograms. This in format ion is pro-
v ided before the preparat ion of Work Plans and 
Internal Budgets starts in J u l y / A u g u s t to enab le 
this exerc ise to be car r ied out wi th a c lear p ic ture of 
the avai labi l i ty of funds. 
The program manager submi ts the agreed Work 
Plans and Internal Budgets to the Ministry of Agr i -
cu l ture for rat i f icat ion, a matter of p rocedure to 
ensure that the documen ts are agreeab le to 
Government . 
Figure 3 summar izes the s tages involved in pre-
par ing an Annua l Work Plan and Budget . 
Figure 3 . Stages in the Annua l W o r k Plan a n d 
internal budget preparat ion. 
for issuing seasona l credi t in most Div is ions, p low-
ing groups using work -oxen , str ip c ropp ing g roups 
wh i ch p rac t i ce c o m m u n a l c rop rotat ions a n d g o o d 
managemen t , water cont ro l g roups in r ice a reas , 
etc. deve loped in many p laces . 
Thus the indiv idual me thod b e c a m e s e c o n d to 
the g roup me thod in areas whe re ex tens ion 
workers were organiz ing fa rmers success fu l l y . 
Fo l low-up visits to indiv idual fa rmers w e r e m a d e 
after g roup demonst ra t ions , meet ings , or f ie ld days 
had been c o n d u c t e d . T h e Extens ion A ids B r a n c h 
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Extens ion A p p r o a c h 
The indiv idual , group, and mass methods of ex ten -
sion have been emp loyed in Malawi s ince the early 
1960s. Whi le the individual me thod is known to be 
the most ef fect ive, it is s low in te rms of cove rage of 
the farming populat ion. It is a lso expens ive in te rms 
of superv is ion and c a n be segregat ing in a s i tuat ion 
where Governmen t pol icy s t resses that every 
farmer must have a c c e s s to new fa rming techno lo -
gies. I t does not involve m u c h of the inf luential 
t radi t ional leadersh ip and c a n thus c a u s e an ex ten -
s ion p rogram to move wi thout the essent ia l 
support . 
In all three regions the impor tance of the g roup 
method was recogn ized as prov id ing a faster and 
m u c h wider me thod o f spread ing messages . 
Extension staff were ful ly suppor ted by M a n a g e -
ment in their efforts to d issemina te in format ion, 
ski l ls, and newly avai lab le techno log ies by d e m o n -
strat ions and f ie ld days. The results were more 
s igni f icant than in the c a s e of indiv idual visits. By 
the ear ly 1970s ex tens ion staff were encou rag ing 
fa rmers to fo rm g roups to improve m a n a g e m e n t of 
their c rops and l ivestock enterpr ises. Such organ i -
zat ions as fa rmers ' c lubs, wh i ch are now the bas is 
D O ' s , S M S ' s , F ' F A ' s and 
L o c a l L e a d e r s f o r m u l a t e 
WP and a g r e e . 
1 s t S t a g e : AREA LEVEL 
DO' c o m p i l e s WP and 
s u b m i t s t o P 0 w i t h 
i t e m s f o r i n c l u s i o n 
in POs b u d g e t 
A p p r o v e d WP. F a i r e d 
f o r I m p l e m e n t a t i o n 
P 0 , SMS's and DOs d i s c u s s 
and amend DOs' WP as 
n e c e s s a r y and a p p r o v e . 
2nd S t a g e : PROJECT LEVEL 
P0 c o m p i l e s WP and 
IB and s u b m i t s to PM 
A p p r o v e d WP and IB 
F a i r e d f o r 
I m p l e m e n t a t i o n 
PM, SMS's ADMIN, and PO's 
d i s c u s s and amend POs WP 
and IB as n e c e s s a r y and 
a p p r o v e . 
PM c o m p i l e s WP and lB 
and s u b m i t s to CAO 
A p p r o v e d WP and IB 
F a i r e d f o r 
I m p l e m e n t a t i o n 
3 r d S t a g e : ADD LEVEL 
CAO, S M S ' s , OTHER DEPARTMENTS 
AND PM's d i s c u s s PM's WP and 
IB and a p p r o v e as amended. 
4 t h S t a g e : MINISTRY LEVEL 
has con t inued to prov ide the needed suppor t 
th rough m a s s med ia such as radio, fa rmers ' m a g a -
zines, f i lms, and puppet shows. The p rog rams are 
p lanned in con junc t ion wi th the ex tens ion staff of 
A D D s so that messages are t ransmi t ted or b road -
cast acco rd ing to the needs of e a c h Div is ion. 
In 1981 an off icial pol icy gu ide w a s p r o d u c e d by 
the chief agr icu l tura l off icer, w h i c h d i rec ted that the 
group me thod shou ld be g iven more emphas i s by 
all Divis ions. The gu ide fur ther e labora ted on the 
sys temat ic manner in w h i c h the who le cha in o f 
t ransfer of messages to the fa rmer shou ld be car -
r ied out. Th is sys temat ic a p p r o a c h ca l ls for: 
• Sub-d iv is ions of the f ield ass is tant 's sec t ion into 
smal ler units or b locks wi th a demons t ra t ion 
faci l i ty in e a c h unit. For examp le , the f ie ld ass is-
tant must ensure that he a r ranges for t echn ica l 
skill demonst ra t ions wi th fa rmers par t ic ipat ing 
and prac t ic ing to sat isfy himself that the mes -
sages have been de l ivered effect ively. 
• All fa rmers in e a c h b lock, inc lud ing any vo lun-
tarily f o rmed groups s u c h as fa rmers ' c lubs , to 
be invi ted th rough the leadersh ip of the b lock to 
at tend the demonst ra t ions on a p rede te rm ined 
date and t ime dur ing the month . The dates and 
t ime to be agreed with the fa rmers ' representa-
t ives (vi l lage h e a d m e n a n d / o r commi t t ee 
leaders). 
• The Field Assis tant to visit e a c h b lock at least 
once a fortnight to train fa rmers at the ag reed 
demonst ra t ion site. 
• The DO to pract ica l ly rev iew the techn ica l m e s -
sages wi th the f ield assistant o n c e every mon th 
to ensure that everyone is p repared to t each his 
fa rmers wi th necessary skil l. Th is emphas i zes 
that t ra in ing sess ions must be c o n d u c t e d by the 
DO. 
• T h e SMSs to cont inua l ly rev iew techn ica l ma te -
rial in their sub ject mat ter f ie lds and ensure that 
messages are m a d e avai lab le to the DO before 
the day he conduc t s the t ra in ing of the f ield 
assistants. T h e S M S is a lso requi red to assist as 
far as poss ib le wi th the t ra in ing. 
Th is a p p r o a c h to ex tens ion prov ides order in the 
work of the f ie ld ass is tant to ensure that every th ing 
being normal , he wil l be c o m m i t t e d to t ra in ing 
fa rmers at the f ixed p lace a n d t ime, or he wil l be at a 
t ra in ing sess ion at the EPA center a c c o r d i n g to h is 
work p lan. Part ic ipat ion of loca l leaders in the 
organizat ion and in sol ic i t ing the a t t endance of the 
peop le at the demons t ra t ion ensures bet ter resul ts. 
Superv is ion and suppor t of the f ie ld ass is tants is 
s t ra ight forward. Ob jec t ive t ra in ing p rog rams c a n 
be d rawn up wi th the a im of ensur ing that t echn ica l 
in format ion and skil ls are be ing t ransfer red co r -
rect ly f rom SMSs th rough the DO and the f ie ld 
ass is tants to the farmers . 
Extension p rograms are suppor ted by two types of 
t ra in ing inst i tut ions, the Day Tra in ing Center (DTC) 
and the Resident ia l Tra in ing Center (RTC). 
Courses for farmers are run at these cen ters . At 
DTCs, one -day courses are held at w h i c h skil ls are 
taught for immed ia te use by the fa rmers on their 
return home. The st rategy is that e a c h EPA shou ld 
have at least one DTC. At the m o m e n t s o m e EPAs 
do not have any, part icular ly those in non funded 
rural deve lopment pro jects (RDPs). D O s are in 
cha rge o f these centers . The capac i t y o f e a c h D T C 
ranges f rom 20 -30 par t ic ipants per course . 
RTCs hold 1 -2 week cou rses at w h i c h both the-
ory and p rac t i ce are taught . Each Center has a 
pr inc ipal and two to three staff members . Sub jec ts 
taught inc lude genera l agr icul ture, h o m e e c o n o m -
ics, food and nutr i t ion, heal th educa t ion , loca l lead-
ership, etc. Of late, emphas is has been on us ing 
RTC faci l i t ies for spec ia l ized cou rses s u c h as dai ry 
techno logy , and t o b a c c o and co t ton p roduc t ion . 
The capac i t y o f the RTCs ranges f rom 2 0 - 1 0 0 beds 
per center . S ince the reorganizat ion of the Exten-
s ion Serv ices under the NRDP, not all RDPs have 
RTCs. There fo re the strategy is that e a c h pro ject 
area shou ld have at least one RTC. Finally, t ra in ing 
p rograms for both DTCs and RTCs are held ei ther 
hal f -year ly or yearly, and rev iewed quarter ly or 
hal f -year ly as the case may be. Local leadersh ip is 
invo lved in p rogram planning. 
Extens ion A i d s B r a n c h 
T h e Extens ion A ids B ranch p lays an impor tant role 
in suppor t ing f ie ld serv ices . I t p roduces and car r ies 
out mass med ia p rog rams in con junc t i on w i th 
SMSs at Headquar te rs and in the Div is ions. Radio 
fa rm fo rums, f i lms, puppet shows , fa rmers ' m a g a -
zines, posters , and other v isual a ids are espec ia l l y 
a imed a t the fa rm ing populat ion. Extens ion c i r c u -
lars, books , and other mater ia ls are p r o d u c e d for 
staff at all levels in the Depar tmen t as wel l as 
outs ide. 
F a r m e r T r a i n i n g C e n t e r s 
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These are he ld annual ly a t wh i ch research pro ject 
coord inators d iscuss their f indings and proposa ls 
for the fo l lowing season with staff m e m b e r s of the 
DOA, DAR, Universi ty, and A D M A R C (Agr icu l tura l 
Deve lopment a n d Market ing Corporat ion) in order 
to de te rmine their suitabi l i ty to the smal lho lder 
farmer. 
Other means o f c o m m u n i c a t i o n inc lude annua l 
reports, research bul let ins, handbooks , ex tens ion 
c i rcu lars, Gu ide to Agr icu l tura l P roduc t ion in 
Malawi , etc., in w h i c h n e w r e c o m m e n d a t i o n s 
a n d / o r techno log ies may be found . 
The var ious ways and m e a n s o f c o m m u n i c a t i o n 
out l ined above have fostered r e s e a r c h / e x t e n s i o n 
l inkage over a number of years , but i t has b e e n 
real ized that they do not go far enough . A g o o d 
examp le is the idea of formula t ing t echn i ca l e x t e n -
sion messages . A l though DAR prov ides t echn i ca l 
mater ia ls and support to D O A staff, i t does not h a v e 
ful l involvement in the formula t ion of t echn i ca l 
extens ion messages . This vital exe rc i se has lar-
gely been left to D O A SMSs w h o s e e f fec t i veness 
depends on the f low o f new techno logy f r om D A R 
and their level of t ra in ing in their sub jec t mat ter 
f ields. Therefore , in order to fur ther improve the 
l inkage be tween the two Depar tments , p lans a re 
underway to in t roduce Adapt i ve Resea rch T e a m s 
(ARTs) in e a c h of the eight A D D s w h o s e ro le wil l be 
to conduc t on - fa rm tr ials des igned to so lve 
fa rmers ' p rob lems. 
T h e Extension Sys tem in Ma lawi has deve loped 
over a number of years. It has n o w r e a c h e d a s tage 
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There are a number of Nat ional Commod i t y C o m -
mit tees wh i ch faci l i tate the interact ion of DAR and 
Commodity Committee Meetings C o n c l u s i o n 
Other Means 
These are held seasonal ly a t Resea rch Stat ions for 
f ield staff, and somet imes fa rmers , in order to e n a -
ble them to see potent ial ly usefu l t echno logy . 
Field Days 
Training 
DAR staff are f rom t ime to t ime invo lved in ex ten -
s ion staff In-Serv ice Tra in ing Programs as lec tur -
ers. For examp le , cou rses on a rmy w o r m con t ro l 
and potato product ion are normal ly run by D A R 
staff. 
DOA: these are R ice a n d Co t ton Deve lopmen t 
Commi t tees , Var iety Release Commi t tee , Seed 
Techno logy Work ing Party, T o b a c c o Work ing 
Party, Oil Seed Work ing Party, Pest ic ides Work ing 
Party, etc. The meet ings take p lace w h e n the cha i r -
m a n is avai lab le a n d keen to ho ld t hem. 
L i n k a g e b e t w e e n D A R a n d D O A 
Seven Sect ions compr i s ing Publ icat ions, Editor-
ial, Ma in tenance of Equipment and Vans, Photo-
graph ic , C inematograph ic , Radio, and Evaluat ion 
and Ac t i on Research (EARU) have been func t ion -
ing for m a n y years . Of s igni f icant impor tance is the 
opera t ion of Mob i le C inema Campa igns in all A D D s 
every year, us ing we l l -equ ipped ye l low vans to 
back up ex tens ion programs. The c a m p a i g n 
schedu les a re m a d e wi th the help o f the A D D s . 
Research Project Meetings 
Al though i t is w ide ly s ta ted that the l inkage be tween 
the Depar tments of Agr icu l tura l Research and 
Agr icu l ture has been very weak, there are severa l 
ways in wh i ch the t w o have been coopera t ing in 
order to faci l i tate the f low of re levant techn ica l 
in format ion be tween them. This has been m a d e 
possib le b e c a u s e all a long the two depar tments 
have ei ther been under the s a m e depar tment , or 
separa ted but under the s a m e Ministry, a s i tuat ion 
w h i c h still prevai ls today. Therefore , be ing so c lose 
and in terdependent they have been dev is ing var-
ious ways and means o f p romot ing ef fect ive c o m -
mun ica t ion wi th e a c h other in order to serve the 
farmer proper ly. 
The fo l lowing fo rms of c o m m u n i c a t i o n are cur-
rently in use to foster l inkages: 
These are joint meet ings held quarter ly to d iscuss 
prob lems of mutua l interest and dec ide how best 
they c a n be so lved. A D M A R C is a lso invi ted. 
Research-Extension Meetings 
Annual Extension Seminars 
A D D s ho ld annua l staff seminars a t w h i c h DAR 
staff m e m b e r s a re invi ted to present papers on 
agreed spec i f i c sub jec ts , fo l lowed by d iscuss ions . 
w h e n i t s h o u l d e f f e c t i v e l y a d d r e s s i t se l f t o t h e p r o b -
l e m s o f t h e s m a l l h o l d e r f a r m e r s t h r o u g h t h e f o r m u -
l a t i o n a n d i m p l e m e n t a t i o n o f s u i t a b l e e x t e n s i o n 
p r o g r a m s t h a t w i l l b o o s t a g r i c u l t u r a l p r o d u c t i o n i n 
t h e c o u n t r y . T o a c h i e v e t h i s o b j e c t i v e t h e r e i s g r e a t 
n e e d f o r t h e D A R a n d D O A t o f o s t e r t h e i r l i n k a g e 
f u r t h e r s o a s t o b e a b l e t o j o i n t l y a d d r e s s t h e m -
s e l v e s t o t h e p r o b l e m s o f t h e f a r m e r s . 
1 6 8 
Groundnu t pest research can be g rouped into two 
phases : (1) an exploratory or p rob lem identify 
phase, and (2) an " a c t i o n " or p rob lem solv ing 
phase. The impac t of p rob lem solv ing largely 
depends upon how correct ly the p rob lems have 
been ident i f ied and assessed . All too of ten est i-
mates of c rop losses are exaggera ted by 
researchers . For example , at the 1983 All India 
Seminar on Crop Losses Due to Insect Pests held 
at Hyderabad , India, loss est imates for dif ferent 
c rops in India ranged f rom very little to 100%. In the 
s a m e seminar the y ie ld losses for g roundnut were 
est imated at U.S. $ 800 mil l ion (Vyas 1983) a n d U.S. 
$ 160 mil l ion (Amin 1983) based on the s a m e set of 
tr ials c o n d u c t e d under the All India Coord ina ted 
Research Project on Oi lseeds (A ICORPO) . I t is 
diff icult for p lanners and pol icy makers to dec ide 
upon the resources that shou ld go into p rob lem 
solv ing on the basis of such var ied " g u e s s -
es t imates" . 
I t is necessary to conduc t surveys to ascer ta in 
pest a b u n d a n c e and distr ibut ion and to es t ima te 
the amount o f c rop loss c a u s e d by e a c h spec ies so 
that key pests m a y be ident i f ied and resea rch pr ior-
* Entomolog is t and Pr incipal Plant Pathologist , ICRISAT. 
Internat ional Crops Research Inst i tute for the Semi-Ar id Trop ics . 1984. Regional G roundnu t Workshop for Southern Af r ica , 
26-29 March 1984, L i longwe, Malawi . Patancheru, A.P. 502324, India: ICRISAT. 
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Summary 
Surveys and field experiments to determine yield loss from insect pests are rarely simple, and unless 
properly planned, can be wasteful and misleading. Major difficulties in conducting surveys are 
accessibility to fields, availability of transport, and communication. There are also the problems of 
large variations in soil climate, cultivation practices, and pest distribution and abundance from place 
to place. Surveys are expensive and proper planning is required to make them cost effective. 
The accuracy of estimates of "avoidable loss" from simple "paired" plots or from multiple treat-
ment experiments can be improved by proper planning. Methods of estimating crop loss by surveys 
and field experiments are described. 
P.W. Amin and D. McDonald* 
Methodology of Surveys and Field Experiments 
to Assess Crop Losses Due to 
Insect Pests of Groundnut 
i t ies a l located. 
T h e assessmen t of y ie ld loss is, however , o f ten 
diff icult a n d comp lex . A number of p rob lems have 
to be recogn ized and o v e r c o m e in order to obta in 
meaningfu l results. These are e x a m i n e d in the fo l -
lowing d iscuss ion based largely on our expe r i ence 
dur ing the last f ew years wi th g roundnu t pests a t 
ICRISAT. 
The survey w a s c o n d u c t e d in 11 major g roundnu t 
g row ing d is t r ic ts of A n d h r a Pradesh s ta te in India. 
Agr icu l ture of f icers in the se lec ted distr ic ts we re 
in fo rmed of the purpose of the survey a n d g iven 
l ikely da tes of visi ts wel l in advance . 
C h u r c h (1971) desc r ibed the four c o m m o n 
methods o f survey samp l ing : (1) s imp le r a n d o m 
sampl ing , (2) strat i f ied samp l ing , (3) c luster s a m -
pl ing, a n d (4) sys temat ic sampl ing . A comb ina t i on 
o f the strat i f ied and sys temat ic samp l ing me thods 
was c h o s e n . S imple r andom samp l ing cou ld not be 
used b e c a u s e the tota l number o f f ie lds ( samp le 
points) in a g iven distr ict we re not k n o w n . Cluster 
sampl ing w a s inappropr ia te b e c a u s e the g r o u n d -
nut g rowing distr icts were easi ly access ib le and 
cou ld be su rveyed in a short per iod. Strat i f ied s a m -
pl ing was used by fo rming strata based on c l imate , 
the cul t ivar (growth habit) , sow ing and harvest 
dates, ferti l izer app l ica t ion, plant s tand densi ty, and 
pest ic ide use. D i f fe rences be tween f ields and 
areas in pest infestat ion and B N D inc idence cou ld 
be exp la ined wel l in te rms of these strata. For 
examp le , in Guntur distr ict, B N D inc idence ranged 
f rom 4 0 - 6 0 % in c rops with plant dens i t ies of 8-
1 0 / m 2 whi le in f ields wi th plant densi t ies of 3 0 -
3 5 / m 2 i t was 10 -20%. Plant densi ty was therefore 
an important parameter in exp la in ing in teract ions 
o f this k ind. O n c e the strata we re f o r med we 
dec ided upon the f requency of sampl ing points. A 
groundnut f ield w a s a sampl ing point in w h i c h s a m -
pl ing units we re taken. Sample f ields we re se lec ted 
at approx imate ly 25 km intervals a long motorab le 
roads, and 6 -9 f ie lds we re samp led per distr ict. 
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Sampling Time 
The feed ing act iv i t ies of insects vary cons iderab ly , 
s o m e are noc turna l feeders a n d o thers a re d iurnal . 
The op t imum t ime of sampl ing for the major i ty of 
insect pest spec ies w a s the morn ing (Tab le 4). 
Measuring Pest Damage Severity 
T h e d a m a g e c a u s e d by the var ious insect pest 
spec ies is fully desc r ibed later. D a m a g e assess -
ments in the f ield were m a d e us ing the cr i ter ia 
g iven in Tab le 3. 
Survey time 
As i t w a s imposs ib le to samp le the c rop at di f ferent 
s tages of g rowth over large areas, the best t imes to 
assess pest d a m a g e had to be se lec ted . Prel imi-
nary observat ions at ICRISAT Center ind ica ted that 
peak infestat ions of insect pests and B N D 
occu r red in Sep tember in the rainy season and in 
Apr i l in the postra iny season (Tab le 1). As the sur-
vey was p lanned for the postra iny season i t was 
car r ied out dur ing the last week o f M a r c h a n d the 
first week of Apr i l . 
Sample Unit Selection 
Select ion of samp l ing units for pests w a s based on 
their spat ia l d ist r ibut ion in the f ield. Most f ie lds we re 
of 0.5 ha, but for larger f ields more samp l ing units 
were demarca ted . Pest distr ibut ion a n d the m e t h o d 
of se lec t ing sampl ing units are g iven in Tab le 2. 
Surveys 
Selecting Sample Points 
Survey Purpose 
The purpose of the survey w a s to es t imate losses 
due to pes ts a n d thr ips- t ransmi t ted bud necros is 
d isease (BND) . 
Before under tak ing surveys we co l l ec ted all avai l -
ab le backg round in format ion on g roundnu t insect 
pests. A comprehens i ve list of insects in jur ious to 
groundnut was p repared , based on l i terature 
records, o f 42 insect spec ies a t tack ing g roundnu t 
in India, and our own co l lec t ions w h i c h s h o w e d 
more than 70 pest spec ies . We next acqua in ted 
ourse lves wi th the injury symp toms of c o m m o n 
pest spec ies . Th is was essent ia l b e c a u s e the d a m -
age c a u s e d by one spec ies c a n some t imes be 
con fused wi th that c a u s e d by o thers (Th imma iah 
and Panchbhav i 1973). For e a c h spec ies we took 
co lor pho tographs of typ ica l injury s y m p t o m s and 
prepared deta i led descr ip t ions. 
The first survey to es t imate c rop loss w a s car r ied 
out dur ing the 1 9 8 2 / 8 3 postra iny season ( D e c -
Apr) w h e n g roundnuts are g rown under i r r igat ion. 
This season fo l lows the rainy or m o n s o o n season 
(Jun-Oct ) . 
Collecting Insects Apparatus Required 
Smal l insects, other than thrips, were co l lec ted wi th 
a s w e e p net, a n d a smal l paint brush was used to 
t ransfer t h e m to 7 0 % a lcoho l in g lass vials. Thr ips 
we re preserved in 6 0 % a lcohol . Smal l homeopa th i c 
vials, 3 cm long and 1 cm in d iameter, m a d e e x c e l -
lent co l lec t ing vessels . Larvae were ki l led in K A A D 
mix ture (kerosene, 1 part; 9 5 % ethyl a lcoho l , 10 
parts; g lac ia l ace t i c ac id , 2 parts; a n d d ioxane, 1 
part). T h e co l lec t ing conta iner was wider than the 
larvae so that s p e c i m e n s cou ld be or iented in a 
hor izontal posi t ion. Large larvae, e.g., Spodoptera 
litura, were punc tu red at severa l p laces to improve 
penet ra t ion of the preserv ing f lu id. 
Tools c o m m o n l y used inc luded c l ip board , i ce pai l 
to keep samples f resh, towel , tape measu re , gr ip 
bags and plast ic pots, homeopa th i c v ia ls , e thy l 
a lcohol , hand tally counter , hand lens, s w e e p net, 
an aspirator, ki l l ing bott le, c a m e r a , da ta sheets , 
fa rmers ' history sheets, penc i ls , eraser, sc issors , 
g u m boots, rain coat , and hat. 
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Est imates of c rop losses are requ i red to de te rm ine 
the relat ive impor tance of par t icu lar pests , a n d thus 
Est imates o f C r o p Losses 
Table 2. Spatial distribution of insect pests and bud necrosis disease (BND) in a field and the selection of 
sample units. 
Pest/BND 
Termite, white grubs, ants, 
wireworms, aphids, mites 
Thrips, jassids, 
Leafminer, BND 
Hairy caterpillars 
Tobacco caterpillar 
Distribution 
Aggregated 
Random 
More infestation 
near bunds, elevated soil 
Near borders 
Method of selection 
of sample units 
x = 2 m2 (1 m2 for aphids 
and mites) 
x = 1 m row (1 m for BND) 
x = 2 m row 
x = 2 m row 
Table 1. Months of peak infestation of various pests and bud necrosis disease (BND) in the rainy and postrainy 
season. 
Pest/disease 
Termites causing 
plant mortality 
scarification 
White grub 
Wireworms 
Ants 
Thrips S. dorsal is 
F. schultzei 
C. indicus 
Jassids 
Aphids 
Tobacco caterpillar 
Hairy caterpillar 
Bollworm 
Leafmmer 
BND 
Peak infestation 
Rainy season 
September 
November 
September 
September 
September 
September 
September 
Drought periods 
September 
July-August 
--
August 
August 
September 
September 
Postrainy season 
--
--
--
--
--
March 
February 
April 
--
April 
April 
--
March 
April 
April 
dec ide upon the level of resources that shou ld be 
devo ted to research and pest m a n a g e m e n t inputs. 
Obta in ing c rop loss es t imates is never s imple , par-
t icular ly for pests that at tack fo l iage. Even with 
those that kill p lants in the ear ly s tages of c r o p 
growth , the loss of a few plants may have little e f fect 
on y ie ld, p rov ided the initial plant dens i ty is ade -
quate. For fo l iage- feed ing insects , c h e m i c a l c o n -
trol o f ten s igni f icant ly r educes d a m a g e but m a y not 
s igni f icant ly i nc rease y ie lds. The g roundnut plant 
c a n of ten ef fect ive ly c o m p e n s a t e for the t issue 
removed by insects , par t icu lar ly o f y o u n g fo l iage 
(Wall and Berberet 1979), o r w h e n the c r o p is d a m -
aged whi le still y o u n g (Bass and Arant 1973). G e n -
era l ly , t h e g r o u n d n u t c r o p c a n w i t h s t a n d 
cons iderab le leaf d a m a g e wi thout s igni f icant y ie ld 
loss, but direct d a m a g e to pods and seeds is l ikely 
to result in substant ia l y ie ld loss. 
The most conven ien t way to measu re the avo id -
able loss is by conduc t i ng pai red plot tr ials. Avo id -
able loss may be def ined as the y ie ld d i f fe rence 
be tween pairs of representat ive plots of the c rop , 
one o f w h i c h has been p ro tec ted f rom pest a t tack, 
usual ly wi th an insect ic ide, and the other left unpro -
tec ted . Genera l gu ide l ines for conduc t i ng c r o p loss 
exper iments have been g iven by Le Clerg (1971) . 
A t ICRISAT we have c o n d u c t e d exper imen ts to 
measu re y ie ld d i f fe rences in p ro tec ted a n d unpro -
tec ted plots f rom (1) the pest comp lex , and (2) 
spec i f i c insect pests. Some of the p rob lems 
encoun te red and m e a n s o f o v e r c o m i n g t h e m are 
d i scussed . 
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Table 3. Criteria used for the measurement of the severity of pest damage and bud necrosis disease (BND). 
Pest 
Termites 
White grubs 
Wireworms/ants 
Thrips 
Jassid 
Aphids 
Tobacco caterpillar 
Hairy caterpillars 
Leafminer 
BND 
Distribution 
Aggregated 
Aggregated 
Aggregated 
Random 
Random 
Aggregated 
Random 
Random 
Random 
Random 
Measurements 
Percentage of 
plants killed 
Percentage of 
pods scarified 
Percentage of 
plants killed 
Percentage of 
pods bored 
Percentage of 
leaflets damaged 
Percentage of 
yellowed foliage 
Size cf aphid 
colonies: 
Small =< 25 aphids/plant 
Medium = 26-50 aphids 
Large = > 51 aphids 
No. of larvae 
Percentage of 
defoliation 
No. of larvae 
Percentage of 
dried foliage 
Percentage of 
dried foliage 
No. of larvae 
Percentage of 
plants infected 
Sampling unit 
2 m2 
2 m2 
1 m row 
1 m row 
1 m2 
2 m row 
2 m row 
1 m row 
1 m2 
Planning and Conducting Experiments Site Select ion 
Experiment Durat ion 
Results based on one season 's exper iments c a n 
be mis lead ing b e c a u s e of large season - to - season 
var ia t ions in pest populat ions. For examp le , a tr ial 
c o n d u c t e d to es t imate y ie ld loss f rom thr ips at 
ICRISAT in the 1981 / 8 2 season d id not show sub -
stant ial losses, but s imi lar tr ials in the 1 9 7 9 / 8 0 , 
1 9 8 0 / 8 1 , and 1 9 8 2 / 8 3 seasons s h o w e d cons is -
tent y ield losses, pr imari ly f rom high thr ips popu la -
t ions. There fore , c rop loss es t imates shou ld be 
based on at least 3 years ' tr ials. 
The mobi l i ty of insects in f luences the c h o i c e of 
op t imum plot size. For examp le , w h e r e Heliothis sp 
is a key pest, large plots may be necessa ry 
because this insect is very mobi le , and cons ide ra -
ble interplot d istr ibut ion ef fects c a n result i f smal l 
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Plot Size 
The most appropr ia te sites for conduc t i ng e x p e r i -
ments are farmers ' f ields. However , b e c a u s e the 
exper imenter has little cont ro l over f a rmers ' cu l t i -
vat ion pract ices such as sow ing dates , seed ing 
rates, and pest ic ide appl icat ion, expe r imen ts are 
usual ly c o n d u c t e d on research fa rms w h e r e c r o p 
managemen t and pest infestat ion are usual ly dif-
ferent f rom those in fa rmers ' f ields. T h e best c o m -
promise is to select si tes on resea rch fa rms that 
most c losely resemble fa rmers ' f ie lds, a n d to 
ensure that the r e c o m m e n d e d cul t ivat ion p rac t i ces 
for the area are fo l lowed. At ICRISAT we c o n d u c t 
our tr ials on low ferti l i ty alf isols. 
Pest d istr ibut ion, part icular ly of a i rborne insec ts 
s u c h as thr ips, is great ly a f fec ted by barr iers that 
in f luence air movement . Al l tr ials we re c o n s e -
quent ly loca ted at least 100 m away f rom bui ld ings, 
hedges, tall c rops , bunds, etc. 
Number of Locat ions 
I t is diff icult to de te rmine the m in imum number of 
locat ions for conduc t i ng tr ials on avo idab le loss, 
even wi th in the s a m e c l imat ic zone, because o f the 
var ia t ion in pest a b u n d a n c e and distr ibut ion wi th in 
a zone. As a genera l guidel ine, locat ions where 
host d a m a g e o c c u r s f requent ly a n d locat ions 
where pest p rob lems are less c o m m o n shou ld be 
se lec ted . I t wou ld not be feas ib le to set up expe r i -
ments to cover an ent i re count ry , but a m i n i m u m of 
3 -5 representat ive locat ions shou ld be se lec ted in 
e a c h zone. 
Table 4. Optimum time for sampling for different insects and bud necrosis disease, and notes on their habits. 
Pest/BND 
Termites 
White grubs 
Wireworms 
Ants 
Thrips/Jassids 
Aphids 
Tobacco caterpillar 
Bollworm 
Hairy caterpillar 
Leafminer 
BND 
Optimum time 
of sampling 
Morning 
Morning 
Not known 
Not known 
Morning 
Any time 
Early morning/evening 
Morning 
Morning 
Any time 
Morning 
Notes on habits 
of pests 
Termites forage on the soil surface in the morning 
Grubs are near the soil surface in the morning but move 
deeper in the soil in the afternoon 
--
--
They inhabit young leaves and are less active in the 
morning than in the afternoon 
Aphids feed on leaves, shoots, flowers, ana pegs 
Caterpillars are nocturnal feeders. They take 
shelter on soil and in debris near the plants 
during the day 
They feed on flowers 
Feeds on foliage 
Feeds on foliage 
Symptoms of ringspots are clearer in the morning. 
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plots a re used. J o y c e and Roberts (1959) s h o w e d 
that plots of 3 ha separa ted by 150 m may be 
necessary to o v e r c o m e interplot e f fects for H. 
armigera In co t ton . However , most tr ials are c o n -
duc ted on plots of less than 0.03 ha and s o m e 
researchers use plots of 25 m2 or less. C lear ly 
these are too smal l . At ICRISAT we use plots of 
100 -500 m2 , depend ing upon the ob jec t ives of a 
tr ial. Y ie ld tr ials are usual ly c o n d u c t e d on "p rec i -
s ion f ie lds" wi th un i form soil ferti l ity. 
Guard Rows 
Insect behavior in the c rop may be in f luenced by 
the p resence of bare soi l and by edge ef fects . I t is, 
therefore, not des i rab le to leave gaps be tween 
plots (Lewis 1973). At ICRISAT we sow 1 m w ide 
guard rows of the s a m e cul t ivar on all s ides of e a c h 
plot to reduce the " in terp lo t " e f fects and to r educe 
the ef fects of pest ic ide drift (Jenkyn et al. 1979) . 
The p resence o f guard rows cons iderab ly reduces 
the coef f ic ient of var iat ion (Jenkyn et al. 1979) and 
has he lped to reduce the ef fect of soil app l ica t ion of 
pest ic ides be tween plots (Verma and Pant 1979). 
Replicat ions 
A m in imum of four repl icat ions is necessary (Le 
Clerg 1971). However , for pests such as termi tes or 
whi te grubs w h o s e distr ibut ion in a f ield is non ran -
d o m and of ten highly aggrega ted , more rep l ica-
t ions are of ten necessary . 
Plant Stand 
In any y ie ld tr ial, p lant densi ty shou ld be simi lar in 
ail t reatments . A h igh plant densi ty tends to di lute 
the infestat ion of s u c h pests as thr ips, jass ids, and 
leafminers, but invi tes more infestat ion f rom pests 
s u c h as the t o b a c c o caterpi l lar. The i nc idence o f 
B N D is a lso great ly a f fec ted by plant densi ty . At 
ICRISAT two me thods are fo l lowed to ensure opt i -
m u m plant s tands in exper imenta l plots: (1) m o r e 
than one seed is s o w n per p lant ing hole, or (2) h igh 
seed ing rates a re used , and then the c r o p is 
th inned to obta in the op t imum plant popu la t ion. 
Plant ing part ial ly ge rm ina ted seeds c a n a lso be 
useful , par t icu lar ly for f i l l ing gaps , as seed viabi l i ty 
is assured . Of ten g roundnut seed may look heal thy 
but m ay have lost viabil i ty, par t icu lar ly w h e n pods 
were dr ied a t h igh tempera tu res . There fo re , ge rm i -
nat ion tests prior to sow ing are necessary . Other 
fac tors that r e d u c e the plant s tand are so i lborne 
funga l pa thogens a n d Insects. Fungi s u c h as Fusa-
rium spp., Rhizoctonia spp. and Aspergillus spp. 
c a n c a u s e heavy seed l ing mortal i ty. Seed treat-
ment wi th th i ram at 3.0 g / k g of seeds is necessary 
to cont ro l funga l pa thogens . Ants , termi tes, or mil l i-
pedes may be cont ro l led wi th soil t rea tment of 
ch lo rdane or heptachlor . 
Pest Control 
In y ie ld loss assessment tr ials i t is essent ia l to 
obta in good cont ro l of the target pests in t rea ted 
plots to avo id underest imat ing y ie ld losses. In sev-
eral tr ials c o n d u c t e d under the All India Coord i -
nated Research Project on Oi lseeds f rom 1977-82 , 
insect numbers were 3 0 - 8 0 % less in p ro tec ted 
than in nonpro tec ted plots. 
Somet imes i t may be des i rab le to cons ider the 
effect of only one g roup of insects. To avo id inter-
fe rence f rom other pests, se lect ive insect ic ides or 
app l ica t ion methods may have to be emp loyed . For 
example , w h e n the effect of only fol iar pests is 
being invest igated, all p lots shou ld be p ro tec ted 
f rom soil pests. 
Disease Control 
Many funga l d iseases such as leaf spots and rust 
not only interfere wi th observat ions on insect injury, 
but a lso affect y ie lds. At ICRISAT all en tomo log ica l 
trial plots are p ro tec ted f rom fungal d iseases. 
Su lphur -based fung ic ides have an adverse ef fect 
on insects , and are therefore not used. Ch lo ro tha-
lonil, wh i ch does not have insect ic ida l proper t ies, 
g ives good cont ro l of both rust and leaf spot dis-
eases, and is therefore rout inely used. Al ternat ively 
a mix ture of D i thane M-45 and Ben la te may be 
used. 
Harvest ing 
Prior to harvest , the plants in a border of at least 0.3 
m on all s ides of the plot a re d i sca rded to avo id 
border ef fects. W h e n the ef fects of pests s u c h as 
termi tes are under invest igat ion, spec ia l ca re is 
taken to harvest all the pods in e a c h plot s i nce 
termi tes c a n d a m a g e pegs resul t ing in pods be ing 
left in the g round at l i ft ing. Cons iderab le var ia t ion in 
pod y ie ld c a n result f rom the durat ion o f dry ing. 
O n c e harves ted, pods rapidly lose mois ture. At 
ICRISAT we record the weights of pods after d ry ing 
t h e m in the shade for 4 -5 days. 
Field Layouts 
T h e layout o f an exper iment depends upon its 
ob ject ive. For exper iments to de te rmine (1) total 
y ie ld loss f rom a pest or pest complex , and (2) y ie ld 
loss f rom indiv idual pest spec ies at di f ferent g rowth 
s tages, di f ferent layouts were emp loyed . 
Total Yield Loss Assessment 
Paired plots, in wh ich one plot is p ro tec ted f rom all 
pests wi th pest ic ides and the other not p ro tec ted 
are c o m m o n l y used. Usual ly 5-6 repl icat ions are 
a r ranged as descr ibed by Le Clerg (1971) (Fig. 1). 
Paired plots are c o m p a r e d by a ' t ' test us ing the 
formula: 
t = 
where Xp = m e a n yield of t reated plots 
Xnp = m e a n yield of nont reated plots 
Sd = s tandard error of the d i f ference 
be tween the two m e a n yields. 
Y i e l d L o s s f r o m I n d i v i d u a l P e s t S p e c i e s 
Mult ip le t reatment tr ials were c o n d u c t e d s u c c e e d -
ing determinat ion of total yield loss f rom a pest 
complex . These inc luded t reatments in wh ich : 
• a p p r o p r i a t e ( se lec t i ve ) i n s e c t i c i d e s w e r e 
c h o s e n to ef fect ive ly min imize the d a m a g e 
c a u s e d by a spec i f ic pest, e.g., d imethoate to 
cont ro l thr ips and leafminer, o r ca rbary l to c o n -
trol t o b a c c o caterpi l lar; 
• insect ic ide t reatments were app l ied so that o n e 
or more g rowth s tages rema ined unp ro tec ted 
whi le the others were p ro tec ted (Fig. 3); a n d 
• fully p ro tec ted and nonpro tec ted plots we re 
inc luded for compar i son . Pests and their d a m -
age were mon i to red in all p lots a n d the resul ts 
analyzed statist ical ly. 
At ICRISAT we used the des ign s h o w n in F igure 
2 and the schedu le of pro tect ion s h o w n in F igure 3. 
Using this method yield d i f fe rences be tween plots 
t reated at success ive ly later s tages of deve lop -
ment will ref lect y ie ld loss c a u s e d by the pest dur -
ing the respect ive success i ve g rowth s tages . I t is 
diff icult to appor t ion the losses c a u s e d by two pes ts 
such as leafminer and t o b a c c o caterp i l lar tha t 
occu r together unless se lect ive insec t i c ides a re 
avai lable to contro l one pest wi thout a f fec t ing the 
other. T w o cul t ivars hav ing di f ferent suscept ib i l i t ies 
to the two pests but a similar y ie ld potent ia l c o u l d 
also be used. 
M e a s u r e m e n t o f Pest D a m a g e 
Sever i ty 
Success in relat ing c rop loss to the sever i ty of 
insect damage depends upon accu ra te d a m a g e 
assessment . Methods of measur ing pest d a m a g e 
should be s imple and rel iable. For examp le , thr ips 
damage can be assessed rapidly by coun t i ng the 
Figure 1. Layout of randomized c o m p i e t e block strip trial in paired plot t rea tment exper iment (P = 
protected, NP = non-pro tec ted , G = g u a r d rows, Rl to RVI I = repl icat ion blocks, S = sampl ing p lace) . 
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Figure 2. Layout of randomized block trial for part i t ioning of yield loss a m o n g different pests (T1 to 
T8 = t reatments , R1 to R5 = replication blocks, G = guard rows, S = sampl ing place) . 
number of t h r ips -damaged leaflets. Th is is a s imple 
and rel iable method . Similar s imple methods c a n 
be used for other pests. 
Specific Pests 
Termites 
Termi tes c a u s e three types of d a m a g e to g round -
nuts: (1) they c a n kill b ranches or ent i re plants by 
tunnel ing into roots a n d / o r s tems, (2) they c a n 
penetrate the pods by bor ing and feed on the ker-
nels, and (3) they c a n scari fy the pods. Odon to -
tomies obesus Rambur causes the first two types 
of d a m a g e in India whi le termi tes of other spec ies 
of Odontotomies in India and Microtermes spec ies 
in Af r ica cause pod scar i f icat ion. T h e fo l lowing 
observat ions g ive a measure of termi te damage : 
(1) percen tage of p lants ki l led, (2) pe rcen tage of 
pods bored, (3) percen tage of pods scar i f ied, and 
(4) injury rat ing of scar i f ied pods on a 1 -9 sca le 
where 1 = no scar i f icat ion a n d 9 = total scar i f icat ion 
of the pod sur face. 
The distr ibut ion of termi tes in a f ield is unl ikely to 
be either uni form or random, therefore, the f ield 
should be samp led at severa l locat ions. As pods 
mature they are increasingly a t tacked by termi tes 
caus ing scar i f icat ion. Therefore , pods lifted s o m e 
t ime after matur i ty have more d a m a g e f rom scar i f i -
ca t ion than pods lifted earlier. 
White grubs (Holotrichia spp.) 
White grub larvae feed on the roots of g roundnut 
and kill the plant. The number of seedl ings per plot 
ki l led by whi te grub at tack is an adequate measure 
of damage . In wet weather seedl ings d a m a g e d by 
whi te grubs may not wilt but do so wi th the onset of 
dry weather , g iv ing a fa lse impress ion of the t ime of 
at tack. 
The se lect ion of exper imenta l plots for whi te 
grub cont ro l exper iments is diff icult because of the 
ext remely pa tchy distr ibut ion of this insect in the 
f ield. High infestat ion usual ly occu rs near host 
plants of the adult beet les. It is, therefore, neces -
sary to use a large number of repl icat ions. Smal l 
plots at many locat ions are preferable to large plots 
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at a few locat ions in a f ie ld. 
Whi te grubs are pests main ly in sandy or loamy 
soils where substant ia l seedl ing mortal i ty a lso 
results f rom fungal d iseases such as Aspergillus 
c rown rot. Seed t reatment wi th th i ram is essent ia l . I t 
is a lso necessary to keep a record of fungus-k i l led 
plants. Because of the ext remely uneven distr ibu-
t ion of whi te grubs, the whole plot shou ld be t reated 
as a sampl ing unit, a p rac t ice also necessary for 
termites, w i reworms, and other soil insects. 
Thrips 
Three spec ies of thr ips c o m m o n l y infest g round-
nuts in India. Scirtothrips dorsalis adul ts and 
nymphs feed on young leaves, wi th injury s y m p -
toms of brownish g reen pa tches on the upper leaf 
sur face and dark brown necrot ic pa tches on the 
lower leaf sur face. Injury symp toms of Frankliniella 
schultzei are white scars on the upper sur face of 
young fol iage, with leaf deformat ion under heavy 
infestat ion. Feeding by Caliothrips indicus resul ts in 
spots or 'st ippl ing' on the upper sur face of the older 
leaves, and when infested by severa l thr ips the 
excess ive feeding results in fo l iage dry ing. At ICRI -
SAT we record (1) the number of leaflets show ing 
thr ips injury, and (2) the severi ty of d a m a g e to 
individual leaflets recorded on a 1 -9 sca le , whe re 
1 = no d a m a g e and 9 = severe damage . 
Thr ips are usual ly randomly d ist r ibuted in the 
f ield. Five sampl ing units, e a c h 1 m of a row, 
ar ranged diagonal ly in a plot, have been rout inely 
used at ICRISAT for record ing the severi ty of thr ips 
damage . 
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Figure 3. Part i t ioning of yield loss a m o n g different pests of groundnut in postrainy season at 
I C R I S A T . G r o w t h stages (Boote , 1982): V = vegetat ive, R1 = b loom, R2 = pegg ing , R3 = p o d d i n g , 
R4 = full pod , R5 = seed format ion, R6 = full seed, R7 = maturity. Major pests: T = thrips, Lm = 
leafminer, TC = tobacco caterpil lar. 
N o t p r o t e c t e d 
P r o t e c t e d ( s p r a y a p p l i c a t i o n a t w e e k ' s i n t e r v a l ) 
C r o p age ( d a y s ) 
30 
T r e a t m e n t s 
Growth s t a g e s 
M a j o r p e s t s 
1 
2 
3 
4 
5 
6 
7 
8 
45 60 75 90 105 120 
Lm + TC Lm T T T T T 
V Rl R2 R3 R4 R5 R6 R7 
Jassids 
Feeding by the jass id, Empoasca kerri, causes 
fo l iage to ye l low beginn ing at the t ip of a leaflet and 
later spreading to the other port ions. Most jass ids 
inhabit the younger fo l iage. At ICRISAT we record 
(1) the percentage of ye l lowed fo l iage, and (2) the 
number of jass id nymphs on three termina l leaves. 
The observat ions are recorded f rom f ive 1 m row 
units ar ranged d iagonal ly ac ross a plot. 
Aphids 
Aphis craccivora is a sporad ic pest of g roundnut , 
with heavy infestat ions occur r ing in drought years . 
Aphids first live on young leaves, but later m o v e to 
f lowers and pegs where they remain h idden under 
the plant canopy. The canopy shou ld therefore be 
opened to coun t aphids. The distr ibut ion of aph ids 
in a f ield is aggregated , so the size of sampl ing unit 
needs to be inc reased. We record (1) the number of 
plants infested wi th aphids, and (2) the size of e a c h 
individual aph id co lony (smal l , 1-25 aph ids ; 
med ium, 26 -100 ; and l a r g e > 1 0 0 ) . 
Leafminer 
The larvae of Aproaerema modicella init ially mine 
the leaves, but after 5-6 days they e m e r g e f rom the 
mines, d raw the leaflets together, and feed inside 
the w e b b e d leaves where they later pupate . The 
mined area b e c o m e s dry, and when a leaflet has 
several mines the who le leaflet dr ies up. The leaf-
miner is randomly d ist r ibuted in the f ie ld and f ive 
1 m row units a r ranged d iagonal ly fo rm the s a m p l -
ing unit. At ICRISAT we rout inely record percen t -
age of dr ied fo l iage as a measu re of leafminer 
d a m a g e severi ty. 
Tobacco Caterpillar, (Spodoptera litura), 
and Hairy Caterpil lars, (Amsacta spp.) 
Caterpi l lars o f both spec ies feed on the fo l iage and 
growing t ips, and c a n comple te ly defo l ia te the c r o p 
under severe infestat ions. At ICRISAT we record 
the percen tage of fo l iage c o n s u m e d . In addi t ion we 
record the number of l a r v a e / 2 m rows a r ranged 
d iagonal ly at f ive p laces in a plot. 
Conclusion 
T h e groundnut y ields, as those o f any other c rop , 
are in f luenced by the cult ivar, soi l t ype a n d ferti l i ty, 
plant densi ty, t ime of sowing, and weather cond i -
t ions, as wel l as the interact ion of pests and dis-
eases. It is therefore diff icult to obta in abso lu te 
values for the losses c a u s e d by any one of these 
fac tors , but useful results c a n be obta ined f rom 
proper ly des igned and wel l c o n d u c t e d f ield 
exper iments . 
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Field Visits 
C h i t e d z e Agr icu l tu ra l R e s e a r c h 
S ta t ion 
On the a f ternoon of Tuesday , 27 M a r c h part ic i -
pants v is i ted Chi tedze Agr icu l tura l Research Sta-
t ion near L i longwe. Th is is the ma in agr icul tura l 
research stat ion in Malawi and a lso prov ides 
a c c o m m o d a t i o n for the ICRISAT Regional G round -
nut Program for Southern Afr ica. 
Mrs. Patr icia Ngwi ra exp la ined the purpose and 
progress of the f ield exper iments of the Malawi 
Nat ional Program. Mr. J.H. Luhanga demons t ra ted 
the work of the Seed Techno logy Unit. After looking 
over the seed technology, breeding, agronomy, 
and pathology trials, part ic ipants v is i ted the fa rm 
mach inery workshop where they were shown dif-
ferent k inds of equ ipment being deve loped for use 
with groundnuts . Part icular interest was shown in a 
smal l g roundnut shel ler being deve loped f rom 
plans prov ided by the Trop ica l Deve lopment and 
Research Institute, London. 
Delegates then vis i ted the ICRISAT f ield tr ials 
where Dr. S.N. N igam showed the in t roduced 
ge rmp lasm and breeding l ines, and the mater ia l 
being deve loped f rom them. Dr. K.R. Bock showed 
the distr ibut ion of rosette virus d isease on the fa rm 
and deta i led how the initial aph id infestat ions were 
marked and the deve lopment o f the d isease mon i -
tored. The usefu lness of such studies on a regional 
basis was emphas ized . 
F a r m e r s ' F ie lds a n d C h i t a l a 
R e s e a r c h S ta t ion 
On Wednesday , 28 M a r c h the ent i re day was 
devo ted to visits organized by the Ma lawi Ministry 
of Agr icu l ture. 
The first visit was to fa rmers ' f ie lds in the 
L i longwe Agr icu l tura l Deve lopment Div is ion. After 
a brief exp lanat ion of the work and organizat ion of 
the Deve lopment Div is ion, de legates were shown 
severa l fa rms and had groundnut p roduc t ion 
methods exp la ined by Ministry staff and fa rmers 
themse lves . In this area the cul t ivar Cha l imbana 
had been sown in a t imely manner wi th resultant 
h igh plant populat ions. Farmers had used Dacon i l 
for cont ro l of leaf spots and this had proved ef fec-
t ive. There was excel lent vegetat ive g rowth a n d 
good suppress ion of weeds . Some at tack by Hilda 
patruelis was noted. 
The party then t raveled towards the lake shore 
region. Some farms were v is i ted en route. W h e r e 
groundnuts had been sown late, the m a n a g e m e n t 
was not as good as in the L i longwe area, a n d w e e d 
growth was a prob lem. After arr iv ing in the Sa l ima 
Agr icul tural Deve lopment Divis ion, par t ic ipants 
visi ted several farms, s o m e wi th exce l lent and wel l 
managed groundnut c rops and others w h e r e the 
s tandards were not as high, thus prov id ing a repre-
sentat ive range of g roundnut p roduc t ion levels for 
d iscuss ion. T h e predominant cul t ivar in the Sa l ima 
Divis ion is Man i Pintar, an oil type. Hilda patruelis 
at tack was noted, and early and late leaf spots w e r e 
caus ing damage . Rust d isease w a s just s tar t ing to 
appear. Weeds were general ly a p rob lem. 
Lunch was prov ided by the Ministry of Ag r i cu l -
ture at the Chitala Train ing Institute, fo l lowed by a 
visit to the groundnut tr ials at Chi ta la Exper iment 
Stat ion Farm. Leaf spot d isease levels we re very 
low, perhaps due to g roundnuts on the fa rm be ing 
g rown in a very long rotat ion. T h e d iseases we re 
certainly present at m u c h higher levels on fa rmers ' 
f ields in the same area. After vis i t ing a numbe r of 
fa rmers ' f ields part ic ipants were taken to the G rand 
B e a c h Hotel on the lake shore for re f reshments , 
and then returned to L i longwe. 
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General Discussion and 
Recommendations 
R e p o r t o f G e n e r a l D iscuss ion 
The f inal sess ion of the Workshop w a s devo ted to 
d iscuss ion of the var ious p rob lems l imit ing g r o u n d -
nut product ion in the Southern Afr ica region wi th 
the goal of improv ing research e f fec t iveness 
through regional coopera t ion . 
Top ics cove red inc luded ag ronomy and fa rming 
systems, pests and ge rmp lasm exchange , regional 
ge rmp lasm evaluat ion tr ials, t ra in ing research staff, 
and informat ion exchange inc lud ing coord ina t ing 
meet ings and workshops . 
A g r o n o m y a n d F a r m i n g S y s t e m s 
It was agreed that a labor shor tage at per iods of 
peak d e m a n d was an impor tant bot t leneck that 
prevented sma l l - sca le farmers f rom adopt ing 
improved fa rming pract ices. T h e sugges t ion w a s 
made that research on use of an ima l power shou ld 
be expanded , especia l ly on the des ign and deve l -
opment o f an ima l d rawn equ ipment , and that new 
ideas, des igns, etc, should be f reely c i rcu la ted 
within the region. Cul tura l p rac t i ces found ef fect ive 
in one count ry should be examined for poss ib le use 
in other countr ies. 
W e e d p rob lems were cons ide red to be impor tant 
in most count r ies . Whi le i t was genera l ly a c c e p t e d 
that good land preparat ion, t imely sow ing , and ear ly 
weed ing were ef fect ive in reduc ing the w e e d prob-
lem, avai labi l i ty of labor and compet i t i on for a t ten-
t ion f rom other c rops of ten p revented fa rmers f rom 
giv ing op t imum t reatment to their g roundnut c r o p 
and weed prob lems before they b e c a m e ser ious. 
Herb ic ides were found ef fect ive in spec i f i c s i tua-
t ions, but their w idespread use by sma l l - sca le 
fa rmers was cons ide red far in the future for most 
countr ies. I t was ag reed that m u c h more research 
w a s needed on the p rob lem o f w e e d cont ro l . 
A l though this wou ld have to be car r ied out pr inc i -
pal ly by nat ional p rograms there cou ld be usefu l 
input f rom fa rm ing sys tems p rog rams of Inter-
nat ional Inst i tutes, UNESCO, and other bodies. 
Economic research into pr ices, markets , a n d 
produc t ion o f g roundnuts on both coun t ry a n d 
regional bases is needed. More in format ion is 
requi red on the relat ive profi tabi l i ty of g roundnuts 
c o m p a r e d wi th other c rops of the region. G r o u n d -
nuts have to be s tud ied as a c o m p o n e n t of di f ferent 
fa rming sys tems and in relat ion to their end uses. 
Litt le is known of the va lue of g roundnut hay in 
s o m e areas. Ment ion was m a d e o f Z i m b a b w e 
being g iven responsibi l i ty for deve lop ing a food 
secur i ty p rogram, but i t was cons ide red unl ikely 
that any uni form quota or pr ic ing sys tem cou ld be 
imposed genera l ly over S A D C C count r ies . 
Part ic ipants agreed on the need to cons ider all 
aspec ts of ex is t ing fa rming sys tems before t ry ing to 
in t roduce improved techno logy. They also ag reed 
on the need to examine possib le impac ts o f 
i nc reased product ion on market ing and s torage 
inf rastructures, and the e c o n o m i c s o f g roundnu t 
product ion , p rocess ing , and market ing at nat ional 
and regional levels. At present the ICRISAT 
Regional Groundnu t Program has only l imited 
resources and its work is concen t ra ted on intro-
duc t ion and eva luat ion o f ge rmp lasm and b reed-
ers ' l ines, and on breeding for res is tance to 
impor tant y ie ld reducers . However , s o m e help c a n 
be g iven to nat ional p rograms in coord ina t ing 
research on fa rming systems. He lp may a lso be 
avai lab le f rom ICRISAT Center. 
Pests a n d D iseases 
There was lengthy d iscuss ion on the impor tance o f 
var ious pests and d iseases in the di f ferent c o u n -
tr ies of the region. Most at tent ion has been g iven to 
d iseases a n d those o f par t icu lar impor tance were 
the ear ly a n d late leaf spots, rust, p h o m a leaf bl ight, 
pod rots, a n d rosette virus d isease. Insect pests 
cons ide red inc luded termi tes, aphids, jass ids , and 
Hilda patruelis. Spec ia l ment ion w a s m a d e of the 
f lower ing plant paras i te a lectra. Whi le the present 
and poss ib le future impor tance of var ious pests 
and d iseases w a s recogn ized, there was very little 
data avai lab le on ac tua l y ie ld losses c a u s e d by 
them. T h e need to under take pest and d isease 
surveys wi th in the region was c lear ly recogn ized. 
T h e shor tage of t ra ined staff in c rop pro tec t ion was 
a lso recogn ized a n d par t ic ipants ag reed on the 
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need to train staff at all levels to provide improved 
ident i f icat ion, survey, and c rop protect ion serv ices. 
I t was sugges ted that exper ienced c rop protect ion 
scient ists in the region cou ld coopera te in t ra in ing 
staff wi th in the region and that ICRISAT might be 
able to assist. T h e possibi l i ty of deve lop ing t ra in ing 
kits wi th co lor s l ides to assist wi th d isease and pest 
ident i f icat ion was d iscussed. The part icular diffi-
cul t ies involved in ident i f icat ion of v irus d iseases 
were noted. T h e need for s tandard methods for 
scor ing speci f ic d iseases was emphas ized . 
The need for research and training to c o n c e n -
trate on nat ional p rogram priorit ies was st ressed 
but the va lue of coopera t ive programs was also 
recognized. Several part ic ipants suppor ted the 
organizat ion within the region by the ICRISAT 
Regional Program of uni form pest and d isease 
nurser ies. 
There was genera l agreement that work on leaf 
spots, rust, and rosette d isease should have the 
highest priority in the region. 
G e r m p l a s m E x c h a n g e a n d 
R e g i o n a l Tr ia ls 
Part ic ipants agreed on the very cons iderab le 
benefi ts f rom increased exchange of ge rmp lasm 
lines, breeders ' l ines, and segregat ing mater ia l 
wi thin the region. However , plant quarant ine regu-
lat ions wou ld have to be cons idered to move seed 
mater ials be tween countr ies and into the region. 
Fortunately, d iseases and pests are m u c h the 
same in the different count r ies of Southern Afr ica 
thus simpl i fy ing matters and reduc ing the c h a n c e 
to in t roduce new pests and d iseases into the 
region. The increased f low of ge rmp lasm into the 
region and part icular ly into Malawi might require 
s t rengthening of Plant Quarant ine serv ices to c o p e 
with this extra work. The need to exc lude seed -
borne v i ruses was recognized. 
The need to col lect , evaluate, and mainta in local 
ge rmp lasm was st ressed. I t was sugges ted that 
ICRISAT and IBPGR might assist in this. 
There was lengthy d iscuss ion on the organiza-
t ion of regional ge rmp lasm evaluat ion trials and it 
was agreed they wou ld be useful . The desirabi l i ty o f 
hav ing seed for regional trials mult ip l ied at one 
locat ion was accep ted . All count r ies were inter-
es ted in the deve lopment of short - and m e d i u m -
durat ion cul t ivars and in the incorporat ion of 
res is tance to the important pests and d iseases of 
the region. High priority was also ind icated for 
deve lopment of cul t ivars wi th to le rance to d rought 
and to the pops condi t ion. 
I t was noted that ICRISAT was a l ready invo lved 
in ge rmp lasm col lec t ion in the region and that 
research a imed at deve lop ing cul t ivars wi th resis-
tance to foliar d iseases, drought, pops, and roset te 
d isease was being conduc ted at ICRISAT Center 
and in the ICRISAT Regional Groundnut Program in 
L i longwe. 
T r a i n i n g 
The various kinds of t raining of fered by ICRISAT 
Center in India were descr ibed and their usefu l -
ness d iscussed in relat ion to the needs of the 
national programs of the count r ies of Southern 
Afr ica. Part ic ipants were mainly c o n c e r n e d wi th 
the possibi l i t ies of organizing training for sc ient i f ic 
and techn ica l staff within the region. They c o n -
s idered that this would be more ef fect ive in the 
short- and med ium- te rms than t ra in ing overseas. 
It was agreed that there was a need for very 
speci f ic short courses to train appropr ia te staff for 
regional trials, pest and d isease surveys, etc. T h e 
possibil i ty of universit ies in the region coopera t ing 
in short term training was d iscussed and this w a s 
suppor ted by the part ic ipants f rom the universi t ies. 
I t was suggested that the ICRISAT Regional Pro-
g ram and ICRISAT Center staff might par t ic ipate in 
such courses. I t was agreed that these suggest ions 
would be commun ica ted to the ICRISAT Tra in ing 
Program. 
I t was suggested that each count ry shou ld g ive 
careful considerat ion to the type of t ra in ing 
required, the numbers of t ra inees env is ioned at 
each level, and whether the training shou ld be spe-
cif ical ly on groundnuts , on farming sys tems, or 
other areas involving groundnut product ion . 
E x c h a n g e of In fo rmat ion 
I t was agreed that a regional workshop on g round -
nuts should be held at regular intervals, perhaps 
once in every two years, and that the wo rkshop 
should be held in a different count ry e a c h t ime. 
Part ic ipants cons idered that the workshop shou ld 
be of genera l scope rather than concen t ra t ing on a 
single problem or discipl ine. In addi t ion to prov id ing 
an informat ion exchange the workshops wou ld 
also provide opportuni t ies for p lann ing a n d eva l -
uat ing regional trials. 
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A p r o p o s a l t h a t t h e I C R I S A T R e g i o n a l P r o g r a m 
s h o u l d p r o d u c e a R e g i o n a l G r o u n d n u t N e w s l e t t e r 
w a s s t r o n g l y s u p p o r t e d b y p a r t i c i p a n t s . I t e m s s u g -
g e s t e d f o r i n c l u s i o n w e r e r e s e a r c h r e p o r t s , i n f o r -
m a t i o n o n n e w b o o k s a n d i m p o r t a n t r e s e a r c h 
p u b l i c a t i o n s , n o t i c e o f a n d r e p o r t s o n c o n f e r e n c e s , 
a n d b i b l i o g r a p h i e s r e l a t i n g t o g r o u n d n u t s . I n f o r m a -
t i o n f r o m " P e a n u t R e s e a r c h " c o u l d b e i n c l u d e d . I t 
w a s n o t e d t h a t I D R C c o u l d p r o v i d e h e l p w i t h c o m -
p u t e r s e a r c h e s o f l i t e ra tu re a s t h i s s e r v i c e i s a v a i l -
a b l e t o t h e I C R I S A T R e g i o n a l P r o g r a m a n d t o o t h e r 
I D R C - a s s i s t e d p r o j e c t s . 
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Recommendations 
1. T h e Meet ing expressed apprec ia t ion of the 
work of the ICRISAT Regional Groundnut Pro-
g ram s ince its incept ion, and r e c o m m e n d e d 
that i t cont inue to assist with groundnut 
improvement in relat ion to the priorit ies of the 
Region by operat ing through and coopera t ing 
with Nat ional Programs. 
It was noted that s t rengthening of the Nat ional 
Programs themselves wou ld enable most ef fec-
t ive use of and m a x i m u m benefi ts to acc rue 
f rom the Regional Program. 
2. The Meet ing endorsed the Regional Program's 
exist ing research priorit ies being d i rected 
towards the Cercospora leafspots, rust, and 
rosette d iseases. The Meet ing emphas ized the 
impor tance of Hilda, termites, and other wide-
spread pests such as jassids and thrips in the 
Region and recognized the need for an under-
standing of their ecology. 
3. The Meet ing recommended that the Regional 
Program cont inues to acqui re new germp lasm 
and to deve lop breeding populat ions; to d issem-
inate these and assist with their evaluat ion, and 
to respond to speci f ic requests for ass is tance 
with hybridizat ions. 
4. The Meet ing r e c o m m e n d e d that the Regional 
Program fosters, where appropr iate, coopera -
tive research among countr ies of the Region, 
part icular ly on such aspects as the ep idemio l -
ogy of rosette d isease and the evaluat ion of 
mater ia l in regional trials and of germplasm. 
The Regional Program was therefore asked to 
dev ise an ef fect ive strategy to enable the 
Nat ional Programs, each within its own par t icu-
lar l imits, to be involved in cooperat ive research 
and to feed back results effect ively and rapidly. 
5. Not ing that the Nat ional Programs were not 
st rong in all areas, the Meet ing recognized the 
need for consu l tancy serv ices to be prov ided by 
the Regional Program. The Regional Program 
should therefore make every effort to respond to 
requests for visits, both for t ra in ing and for 
adv ice on speci f ic techn ica l procedures. 
6. T h e Meet ing noted the urgent need for st rength-
ening Nat ional Programs by appropr ia te and 
relevant t raining of personnel at var ious levels. It 
r e c o m m e n d e d that the Regional Program 
deve lop training programs within the Region, 
drawing joint ly on the expert ise of ICRISAT and 
of local institutes, to ensure high re levance and 
to minimize costs. 
7. The Meet ing noted the fact that whi le m u c h 
ecologica l , economic and socia l var iat ion 
existed within the Region, m u c h was of ten c o m -
mon across countr ies and that this shou ld be 
exploi ted through the facil i ty of the Regional 
Program, by means of a newslet ter and of regu-
lar Meet ings. 
The Meet ing therefore warmly w e l c o m e d the 
suggest ion that the Regional Program deve lop a 
newsletter on groundnut improvement , and 
recommended that this be used to faci l i tate the 
exchange of informat ion on research results, 
national programs, speci f ic techno logy , t ra in ing, 
and workshops, both within and outs ide the 
Region. 
The Meet ing further r e c o m m e n d e d that an 
effort be made to make the informat ion avai lab le 
in both English and Portuguese and therefore 
requested the Regional Program to explore the 
feasibil i ty of publ ishing all or part in Por tuguese. 
8. The Meet ing r e c o m m e n d e d that: 
• A regional mult id iscipl inary workshop be 
organized by the Regional Program at least 
once in every two years in dif ferent count r ies 
of the Region, and that these shou ld be held 
at a t ime when max imum benef i t wou ld be 
der ived from field visits dur ing the cou rse of 
the Meet ing. 
• Such workshops be supp lemented by mon i -
toring tours or visits made by rest r ic ted 
groups drawn f rom the Nat ional Programs 
which would form on special ized areas and 
• ICRISAT center staff make special ist visits to 
meet part icular needs on request of Nat ional 
Programs when these arise, those visits to be 
coord inated after the regional level. 
9. While emphasiz ing the great benef i ts of easy 
germplasm flow, the Meet ing noted the str ingent 
need for v ig i lance and appropr ia te quarant ine 
procedures. 
I t requested that representat ion be m a d e to 
SACCAR to convene a Meet ing to deve lop 
appropr iate regional pract ices. 
The Meet ing apprec ia ted further that there 
was a need to assist host count r ies of regional 
programs to upgrade and improve exist ing 
quarant ine facil i t ies in order to hand le ef fec-
t ively the increased vo lume of mater ia l . 
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Meeting Organization 
O r g a n i z i n g C o m m i t t e e 
K.R. Bock, Plant Pathologist and T e a m Leader, 
ICRISAT Regional Groundnut Program for South-
ern Afr ica, L i longwe, Malawi . 
S.N. N igam, Plant Breeder, ICRISAT Regiona l 
Groundnut Program for Southern Af r ica , L i longwe, 
Malawi . 
C.J.A. Makato, Research L ia ison Off icer, Depar t -
ment of Agr icu l tura l Research , Ministry of Agr i cu l -
ture, L i longwe, Malawi . 
C h a i r p e r s o n s o f Sess ions a n d 
G r o u p D iscuss ions 
O.T. Edje, R.A. Kirkby, D.R.B. Manda , D. M c D o n a l d , 
A. Omran , K.W. Riley, B.R. Taylor. 
Rapporteurs 
P. W. Amin , A. Z. Chi teka, D. L Co le , G. L H i lde-
brand, J. K. Kanna iyan, G. S. Kelly, C. J. A. Makato , 
P. Ngwira, A. O m r a n , D. W. Pervis, K. Ramana iah , V. 
Saka, J. H. S imons. 
P a r t i c i p a n t s 
B o t s w a n a 
Mr. A. Mayeux 
Groundnut Of f icer 
Depar tment of Agr icu l tura l Research 
Private Bag 0033 
Gaborone 
M a l a w i 
Dr. H. M w a n d a m e r e 
Chief Agr icu l tura l Research Off icer 
Depar tment of Agr icu l tura l Research 
Box 30134 
L i longwe 3 
D.R.B. M a n d a 
Deputy Chief Agr icu l tura l 
Research Of f icer 
Depar tment of Agr icu l tura l Research 
Box 30134 
L i longwe 3 
C.J.A. Maka to 
Research L ia ison Off icer 
Depar tment of Agr icu l tura l Research 
Box 30134 
L i longwe 3 
K.R. Gaus i 
Deputy Chief Agr icu l tura l 
Research Of f icer 
Techn ica l Serv ices 
and Admin is t ra t ion 
Depar tment of Agr icu l tura l Research 
Box 30134 
L i longwe 3 
J.A. M u h a n g o 
Principal Agr icu l tura l Extension 
and Tra in ing Of f icer 
Depar tment of Agr icu l tura l 
Deve lopment 
Box 30134 
L i longwe 3 
(Mrs) C. Ch ibwana 
Women ' s P rog rammes Off icer 
Depar tment of Agr icu l tura l 
Deve lopment 
Box 30134 
L i longwe 3 
M .L Muwi la 
Chief Agr icu l tura l Of f icer 
Depar tment of Agr icu l tura l 
Deve lopment 
Box 30134 
L i longwe 3 
M. Mt ika 
Crop Specia l is t Mechan isa t ion 
Depar tment of Agr icu l tura l 
Deve lopment 
Box 30134 
L i longwe 3 
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P. Jere 
Crop Special is t 
L i longwe Agr icu l tura l 
Deve lopment Divis ion 
Box 2 5 9 
L i longwe 
M. Muro tho 
Project Off icer 
Sal ima Agr icu l tura l 
Deve lopment Division 
Private Bag 1 
Sal ima 
M.M. Ch ikonda 
Ac t ing Deputy Chief Agr icu l tura l 
Research Off icer and Entomologist 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
(Mrs) P. Ngwi ra 
Groundnut Pathologist 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
M.P.K.J. T h e u 
Virologist 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
J.H. Luhanga 
Seed Techno log is t 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
D.D. Singa 
Farm Mach inery Off icer 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
D.E. Ch i kasema 
Techn ica l Of f icer Microb io logy 
Chi tedze Agr icu l tura l Research 
Stat ion 
Box 158 
L i longwe 
C.A.M. Phangaphanga 
Techn ica l Off icer 
Groundnut Ag ronomy 
Chi tedze Agr icul tura l Research 
Station 
Box 158 
Li longwe 
T. Ch ibwana 
Techn ica l Off icer 
Groundnut Breeding 
Chitedze Agr icul tural Research 
Station 
Box 158 
L i longwe 
Dr. S.F. Pasley 
Chief of Party 
USAID Ma law i /Un ivers i t y 
of Florida 
Chitedze Agr icul tural Research 
Stat ion 
Dr. D.E. McCloud 
Groundnut Physiologist 
USAID Malawi /Un ivers i t y 
of Florida 
Chi tedze Agr icul tural Research 
Station 
Dr. D.W. Pervis 
Agr icul tural Economist 
USAID Malawi /Un ivers i t y 
of Florida 
Chitedze Agr icul tural Research 
Station 
Dr. W.H. Judy 
USAID Projects 
Development Off icer 
Box 30016 
Li longwe 3 
D J . Sa lmon 
Agr icul tural Adviser 
Brit ish Deve lopment Divis ion 
in Southern Afr ica 
Box 30059 
L i longwe 3 
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Prof. O.T. Edje 
Bunda Col lege of Agr icu l ture 
Box 219 
L i longwe 
Dr. V. Saka 
Nematologls t 
Bunda Col lege of Agr icu l ture 
Box 219 
Li longwe 
Dr. E. Ayeh 
Cowpea Breeder CRSP 
Bunda Col lege of Agr icu l ture 
Box 219 
L i longwe 
M o z a m b i q u e 
Dr. K.V. Rarnanaiah 
Agronomis t and Professor 
Faculty of Ag ronomy 
Univers idade Eduardo Mond lane 
Box 257 
Maputo 
(Mrs) Ana Mar ia Da Graca Mond jana 
Assistant Plant Pathologist 
Univers idade Eduardo Mond lane 
Faculty of Ag ronomy 
Box 257 
Maputo 
T a n z a n i a 
Dr. A.L. Do to 
Groundnut Breeder 
Sokoine Universi ty of Agr icu l ture 
Box 3005 
Morogoro 
F.F. M w e n d a 
Groundnut Breeder 
Oi lseeds Research Project 
Nal iendele Research Stat ion 
Box 509 
Mtwara 
J.H. S imons 
Crop Protect ion Special is t 
Oi lseeds Research Project 
Nal iendele Research Stat ion 
Box 509 
Mtwara 
Dr. B.R. Taylor 
Agronomis t and T e a m Leader 
Oi lseeds Research Project 
Nal iendele Research Stat ion 
Box 509 
Mtwara 
Z a m b i a 
Dr. R.S. Sandhu 
FAO Groundnut Breeder 
Msekera Regional Research 
Stat ion 
Box 510089 
Chipata 
(Mrs) E.M. S imvula 
Agr icu l tura l Superv isor 
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Msekera Regional Research 
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Chipata 
Dr. G.S. Kel ly 
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Msekera Regional Research 
Stat ion 
Box 510089 
Ch ipata 
J.C. Musanya 
Groundnut Agronomis t 
Msekera Regional Research 
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Box 510089 
Chipata 
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